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Objects of Science Education in 
Underdeveloped Countries* 


P.O. Miihahmoliis F.R.S. 
Mcmbet, Planning (jmmiwwn, .Yt.r Ihlhi 

I T may be useful, m this papci, ttuliaw innst din me utilization nl *m»*-ii> 

attention to the special needs ol science lcsoui res 'In do this, it would lir nn f,- 

education m undcideveloped tounlrics saiy tn develop and expand (e> 

which are characleiiscd by an extmnely gieal and applied teseanh. I lux point 

low level of living, and widespread undci- is also appienaletl v, lien it is icaleer] lli.it 

employment. The only way to impunc even the most advanced totmiiii. hhr 

the level of living is to increase the pel the IhS.A. 01 the 1 midi Kucdnm base 

capita pioduction of goods and supjily to devote a tlmd 01 mine id then non- 

of services by an increasing use of machi- nnlilaiy leseateh to impmve the ipiahu 

nery driven by steam m elcetneily as of pioduels alte.uK m use to hold th< u 

a substitute lot human 01 animal labom. position in a rmiipeliine v.oild mitbrt. 

This can be done only tluough iiuluslria- To sustain an adii|ii.ile Itv-c ol ndmo- 
lisation in its broadest sense ol manufat- logical and .ipplad n scaic h, it i> * n- 

turcs, agiicultiue, tianspcnt and annum- tail to esl.iblish and hotel tiadilioii ol 

mcations, distribution, etc. scientific n seal ill which would oliu lull 

Industrialisation would be possible only stupe lin litecommmm atmuand rv Itance 

with the help of a lapidly incieasing of views and ml instils among ici.mli 

number ofscmi-skdlcd and skilled workers, scientists. This <an be achieved only 

technicians, engineers and technologists, tluough the ptnmntiou ol pine m ps<i. 

physicians and scientists A sluing mining lcscaieh'', betaust* it is nn!v the 

base ofsicencc education is indispensable rcsearcli scientists who tan lumtion as 

for this purpose; this point is widely the eves and cats of die nation m the held 

appieciated. ol s< lenrc, and tan lbstet the eiowth «d 

Industrialisation together with an the stimuli! liaditioii within the «*muin 

expansion of both impoits and expruts and maiiilaiu lontail with she pimpra 

(with an mcieasmgly huger content of of snem e ,ibio.nl. 

semi-manufactured or lrianufaeluiccl arti- An impottatu aim nj m mur edniatiou 
des) would be possible only thtougli the must lie to supplv an in te.nuiv uumbri 

*Papei picscntid at tin Ciiinniomve.ilili (‘mil iciui mi tli> r<,u limit "I Vmmx- in s. i. .•! J | ,,i 
Peradimya, Ueylim m llriemhei Vlli't. 

fit is not possible fin evciv umiiliy in take up iesi.mli in .ill nli|> ■ l., Ii n, tl . 

to encouiage and piovuli lacilitics tin pinnenmg nt bnel.iinMil.il ir ,e,m I, >.,i ,1 stu .,31 ,i mU.m 
within the count! y itself or in icipiiiial m inleiu.itinii.il n,euili lento. 1 •in.ii.it. K pi. n, .»■>»! f < 
research can be and ha-, usually been dime nil a small stale anti at ins- m, j, t-, t h. aun, 
however small, can then fore olh i facilities Ini tins t\pt* nl tiMvmh 
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of qualified students loi technical, techno¬ 
logical and scientific institutions at 
all levels and for centres ol both applied 
and fundamental leseauh. 'I his is 
essentially the utilitarian aspect ol snout c 
education 

Theie is also a dcepei need whuli is 
the heart of the pioblein of ‘modernisa¬ 
tion 5 of the underdeveloped countries. 
The emergence of science dining the last 
four hundicd years, at (list slowly and 
then at a rapidly incieasing pace, is a 
turning point in the histoiy of civilization. 
Refine the emergence of science, tlicic 
weie only two hioad domains ol human 
decisions In one domain thcic was 
individual liecdom of choice of food, 
clothes, lccications, c.tc., 01 of individual 
creative activities in ai t, literature, music, 
etc., within, of coutse, the limits permit¬ 
ted by society or of supplies and facilities 
available to the individuals concerned 
The other domain of all oiganised human 
activities was and must always lie regu¬ 
lated by the ‘principle of authoiity’ in 
which sanction would depend on the 
status or level of the authoiity This is 
tiue m all ptimitive 01 present day 
communities all over the world, in orga¬ 
nised chuiches and religions; in military, 
police or administrative systems; in public 
and private enteiprises; and in law The 
decision of a law couit may be upheld oi 
leversed by a higher couit of appeal; but 
the second decision also would be subject 
to confirmation or reversal by a higher 
court and so on. The decision of the 
highest couit to which a case has been 
or can be referied must be accepted, but 
there is no guarantee that such a verdict 
would not have been reversed if an appeal 
to a higher court had been made or were 
possible. This principle of authoiity 


must lx ait opted fix the ur. rustrni r 
ol snnelv itscll. 

The saint- piimiplr id aulhnntv must, 
lxmcvci, lie < oinph'lch tcjci led in (lie 
licit 1 ol si mu r. (‘atisc ami clliit have 
hccii the .sul)(C(i ul eiitjuuv 1 1"in tunc 
jmmrmniiul Imt nnlv m i esprit id mints 
in isolation. That nalui.il plicumncunu 
is amenable to latmual and mulled ex¬ 
planation is the gic.it Inrak-tlnnugh ol 
the human intellect whuli tit tuned only 
with tlu- emergent e of st loncc and is the 
characteristic ju.uk of the modem ave, 
Modem sucncc imisists ol a patient 
accumulation of huts anil nliseivatiniis 
and -a mli< al studs of their mtct-ielutions 
hiisetl on the uiuhnrmtv ol uaimc which 
ian lie disitncicd bv the hum.m mind. 
St lent e thus uitimluiTil I'm (lie Inst time 
the <(incept in piiuciple ol nhjntive vali¬ 
dity which has its Inundation in the n.Um c 
itself and i.mnot be changed m upset bs 
any human aulhoulv howevei high. 
The findings of the most eminent w ien- 
tisls tuc suhjei t to u itieal i hei k atitl cm m- 
horatmn m lclutiuioit bs theii vuungest 
scientific colleagues. A single new olisei- 
vatum may call fin a mine mmpirliensivc 
themy. The older aec mutilated know¬ 
ledge would still i emam valid, ami later 
discovciies must be mtegiaicd with the 
earlier knowledge. 

Authoiity based on status is inelevant 
to science. The tiansformation of all 
the advanced or the mpidly advancing 
countries has been bum,gill about by the 
acceptance, slowly at Inst, and now in an 
increasing measure, of a scientific and 
rational view of life and natute. This is 
the foundation ol the modern age. 

In the underdeveloped nmutiies the 
most urgent need is to establish and deve¬ 
lop the outlook of science, and the expeii- 
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mental attitude of mind to acqtnic 
knowledge of natural and social lours and 
to use such knowledge to invent new 
techniques for initiating material and 
social changes. This is the only way 
in which decisions can be made in an 
increasingly rational manner and in 
accotdance with the piinciplc of scientific 
or objective validity, based on iclcvanl 
data and collect reasoning This is the 
only way to leplace supcistition, mil- 
date custom or dogma, and to bring about 
a change of society to make conditions 
suitable for lapid economic and national 
development by lemovmg all banicis to 
the effective utilization of all ptochu ti\ r 
forces and all available icsouucs for tin' 
benefit of all the people of the tminln. 

The advancement of science and the 
gtowth of the scientific and tannual out¬ 
look is an essential condition I'm the 
modernisation of the less advanced coun¬ 
tries It is ncccssaiy loi each couutiv, 
howcvci backwaul cn small, to haw: 
as quickly as possible a sufficient numhci 
of men with a scientific outlook who 
would be able increasingly to mflueiu e 
the thinking of the nation and of per¬ 
sons who have the icsponsibihly of making 
policy decisions at the national level. 
How to attiact a sufficient number of 
peisons in the field of science is thus the 
crucial pioblcm of national and wmlcl 
development. This can be achieved 
only thiough an meicasing appicc lation 
ol science and sucutists by the general 
public. 

The most lunclamcntal aim of science 
education must lie therefore to build up 
a community of scientific woikeis and to 
promote the social appreciation ol science 
among the general public. It is there foie 
necessary to lay the foundations, with us 


wide .l base us possible, lm a countiwwidc 
system of sc hotel edm ution mienlccl to 
science and at the same tunc to plumule 
.ids allied studies ol science and tec li¬ 
ne dogs and i esc anil at die highest level. 

School science must lit into the cicuin- 
linc life ol' the genetal masse, of the 
people and have its touts in the viltigcs 
in nuclei dew-loped countiies, \i hndici 
lewis, faeihdes must be piowded fm lie- 
iiaining of technic iatis and (e« liunln-osls, 
and also of candidates of outstanding 
ability loi admission to higher scientific 
and technological institutions. 

It would be a fatal mistake to establish 
an expensive sssleiu ol siic-mc education 
on tlie model of the tills timed counties 
which would lie bewuul the means of the 
nation .is a whole, It is iiiw'suiv to 
evolve, ihimigh c \pc 111111-111.1(1011 and 
1 ese.uc h, a ssstem whit h would lie avail¬ 
able in tune I'm all the people mi a 1 muiti \ - 
w ide basis, w ithin the means ol the nation. 

The appio.it h must be to use icuc him* 
aids whic h would be easily available 01 
can be made available at a low lost all 
over the emintis. As most of the pupils 
will be living m villages, it would In¬ 
advisable lo use umioultuu* and nn.d 
iudusti ics as a genei ,d base lm tin- tcai Imn* 
of science. The piogiamme should 
tonsisl kugeh ol natiue studies, obseiva- 
lions, nieusui c-menls and evpci intents 
w hie h can lie done w ith the help of '-implr 
at tides, spec iuu'tis, etc., whit It air loc ally 
available, 01 which can lie consUU>letl 
with local manuals m tin- village's 

At the sectmdaiv stage, it would be 
neeess.uv to intiochne sc u nttlie ittsttu- 
ments and ei]Uipment but these should 
be ol the simplest tvprs, pideiably Midi 
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as can be manufactiucd within iho rnim- 
try out of domestic tcsourccs. 

At all levels, the main ob|ect would be 
to stimulate the spnit of enquny, the 
desire to make observations and mcasuila¬ 
ments or carry out experiment to find out 
something which is noL known. It is 
essential to refrain from asking the stu¬ 
dents simply to acqtinc knowledge of 


facts 01 to pci lin in set exeuivs in tj lc . 
fin rn id piartn.il wink. In midcidivr* 
loped emiutiies uheie the v icntilii ti.t- 
dition lias not vet been established, such 
an appoint h would tend to make the 
students look upon stienn as sonit thing 
hk<‘ inagu 01 aerept the i.u Is oil tlie liasis 
ol the authmitv ol the te.uhns. and thus 
frustrate, the leal pm pose ol' the teat lung 
of science. 
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R,K, Pnthna, 

Univemh nj Drl/ii, I)dhi 


INTRODUCE! ION 

N our study of science we are pi linai ily 
concerned with the ait of creating 
order out of chaos winch is invariably met 
with during the pioccss of obsci vation ol 
the various phenomena of Natuie, accoi- 
dingly, our most pcisistent intellectual 
cffoits arc dnccted towaids the distnveiy 
of a ccitain well-knit pattern, design, 
system or stiucturc ol ideas and 
thoughts, m teims of which the elements 
of our expciicncc with the physical \\mld 
can be intcipictcd Tims, as was nicely 
put by the famous Biitish matheinaliciau 
and philosopher A.N. Whitehead (1 obi - 
1947 ), ‘to see what is gcucial m what is 
paiticular and what is peimanent in 
what is tiansilmy is the nui)or aim ol 
all scientific endcavom’ 

Now, the first and the foiemost step 
necessary for the attainment of this cheri¬ 
shed objective consists in making measme- 
ments on things. In fact, it is only tin ough 
a rational analysis of the results of these 
measurements that we obtain a glimpse* 
of the ordcihncss that governs the pheno¬ 
menon under study Quite naluially, (he 
scientist slaves to make his piiucss ol 
measmement mmc and mote systematic 
and refined and his mode ol analysis moie 
and mmc thorough and ngmoiis, Ii so 
happens Unit in both these lespeils the 
science of physics is by far the most advan¬ 
ced of all sciences. To this extent, theielme, 
it may be looked upon as the basic science, 


indeed, a nmnhei of scientilii tlis< lpltnes 
which have cmeiged bom tunc fo time 
oiiginalK situted as mciclv ililliu/'iit 
liiamhcs oi the muinslicum ot pin .i<s, 

In plnsns again wc i an discern t n tarn 
domains of activity whnh.uc intuitively 
mote basil (ban minis, lm in .lain r, the 
pichmmai \ , and m some sen ,e tmide, men¬ 
tal, study ol' the dements "1 sp.o e, time 
ami mallei '1 he iuo>i h.r.n nw.ine 
ments tin* student ol pliysiis has to ih.d 
with .ne the nun. iilatnllo tin .e time 
entities of Naluie; llir,-,r mist .mi mi M . 
Ill pi UK i])lc, lOllstllllte the ( h mental*, 
pincesses ol detei iiniuiie i the l.t, in . ! 
stiaiglu hiu joinin'* two • nm point, 
spate, f ii j the Iwh n In: i! eltpal in’ 
ween two «»ivi*u instants ol tune, ,uai ut 
the nu m ol a giw-n pn'ie ol matin In 
oi tlci to stale these meeMut s imttii i u all . 
w<* ought to deliiie the it s|in live i,e a 
nj llU'thW till/III, ill trims oi whidi the 
results of«ui ai tual pim cssol me,cam sin i.t 
(mild he expit ssetl. And, m mdri that 
the lesldts so statitl lie both miauibs 
gumis and bet 1mm prison,il Into! , the 
units employed mu t lie wa ii a. ate imsir 
liuililiilK icpiodm ili|i* am! ipule nun 11 , d 
ill (liai.u ter. It r, mdi i d a inatti s «,S 
genuine s.Uisf.u lion that, ibimidi t mini in 
ol expel mu illation ami i mai mpl item, 
them ifipuicmeuts have now linn met 
to a really icmai Libia drgtrr oi ,u < m,n \. 
To nariatc the cvitiug and iludiiir; sf.nv 
of these attainments, dominated !»•, t| (r - 
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flavour of an ever-increasing dcgicc of 
scientific piecision, is the cential theme 
of the present senes of articles 

In the first two instalments of the senes, 
viz., I & II, out discussion will hugely 
confine itself to the afoi emcntioned 
three fundamental units. Noting that certain 
suitable combinations of these units 
enable one to define any of the so-called 
derived units of mechanics—the subject 
dealing with the motion, in space and time, 
of matter— the discussion of these two 
parts may he rcgaided as practically com¬ 
plete insofar as the mechanical quantities 
are concerned. The consideration of the 
non-mechanical quantities, however, 
necessitates the intiodue.tion of a few 
more fundamental units ofmeasui ement; 
these will form the subject-matter of the 
remaining part of the seiies. 

Emergence of the Unit of Length 
(Histoncal Background) 

About five thousand years ago, in the 
great river valleys of Egypt and Mesopo¬ 
tamia (the latter now approximating 
to the state of Iraq), the loyal suiveyois 
were already mapping their masters’ 
fields, while the royal aichitccts were 
planning the temples, palaces and tombs. 
These activities led to the development of 
practical geometry into a serviceable body 
of rules, characterised by a secure tradi¬ 
tion and a great uniformity of practice. 
Over a score of centuries the master 
builders of Egypt were employing a unit 
of length, namely the cubit —defined by the 
distance from the elbow to the tip of the 
middle finger—which, in actual piacticc, 
did not vary by much more than 1 part 
in 200 from the mean! Later on, with 
a view to regulating all measurements on 
the tise and fall of the waters of the Nile, 


a standard mbit was ke.pl in the capital 
in priestly custody , besides this, then- was 
marked, by ollieial decree, the unit 
schnenus, an ltineiaiy siandaicl of 12,000 
culnls, mi the mad fiom Memphis to 
Famm. This hesjieal.s very admit ably 
the giral attention these people, paid to 
the pirscivatiou of a common lineai 
standard. 

Nearly a thousand miles away fiom 
the site of the Egyptian civilization, i.e 
in Mesopotamia, dining much the same 
pcuod, essentially the same sl.indaitl of 
length—the cubit—was maintained, with 
almost equal exactitude, Intel estmgly 
enough, the mention of tins \eiy unit of 
length is made in the 'ilokn\ ol some ol the 
caily Indian wiilmgs as well, lieie, it 
appeals by the name luislti , implying 
precisely the same definition as adopter! 
in the othoi two r ivilizations. This was 
possibilly the most handy of all the units 
one could imagine 

With the. decline of these pinclicnl- 
minded civilizations, there anise, m the 
fust millennium li.e , the 1,minus < i\ di¬ 
lation of the Greeks One ol the many 
influences this civilization had on the 
course ol scientific development was 
the replacement of the hitlieito practical 
geometry by the new abstiact gcometiy, 
which originated in the genius of the 
first individual scientist the world has 
ever known, namely Thales of Miletus 
(c 624-547 u.c.), leeeivecl successive 
additions and lclinomcnls limn men like 
Pythagoras (e. 572-4<)7 u.c.) and Eudoxus 
(c. 408-355 u c.), and got luillianlly 
systematised by the great teaehei Euclid 
(c. 330-275 u.c.). Tiie lesultnig rrmeept 
of the abstract space, namely the Eucli¬ 
dean space, to which the actual space of 
our physical experience so closely appi oxi- 
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mates, was iheieby actcplccl asproviding 
a highly wmkablc spatial fiame-woik oi 
physics 

Based as it was on a set of highly plau¬ 
sible definitions, axioms ancl postulates, the 
Euclidean geomcliy, by virtue ol its nth 
treasure of theorems and eoiollanes, pul 
the subject of length mcasumnenl on a 
sound theoretical basis. One amid now 
pictuie ciuite unambiguously as to how to 
estimate, at least in pnnciple, any given 
length in lei ms oi an aibitraiv unit ol 
length(adoptcd foi the purpose of ineasui e- 
ment) and its sub-nniltiples, to swthin 
any specafied residual uuceitainty. 'I he 
numerical lcsult could, in gencia), be 
expiessed in any agieed system of ainh- 
metieal It iu lions. It mav lie ofmteiest 
to mention that the system of fractions 
that was in vogue in the times of Km lid 
and practically lcmamed so, iu Euinpe, 
until about the early parts ol' the 17th 
eentuiy was the one based on sexagesimal 
fiactions (with the base (it), whu li almost 
certainly was ol a Siimeriun-Babyloniau 
origin, dating back to about 1700 i> < 
This system of atilhinetual expression, 
along with the otlicis such as the Roman 
system, got universally rephn ed by the 
illustrious decimal system (with Aiabic 
numerals) which, in all essentials, was 
developed bv the Hindu mathematicians 
of the Vcdie peiiocl (1500-750 n.t j, was 
carried ovei to the, West through the 
intcrmediaiy of the Aiabs tin die begin¬ 
nings ol the second millennium a.d.i ami 
mlioducccl into the Kuiopcan learning 
through the advocacy of the Dutili 
mathematician Simon Stevinns (151!!- 
1620) and the English inathcnialu iau 
Henry Biiggs (1556-1630). At jncsent, 
this is practically the only system of nota¬ 
tion one has to speak about. 


Having dew loped die logi'u< iiir'l.oM 
nl com|iaimg leiigdis am! *\|uc in 
nunibeis in a suitable ai itlnnetn al uo'ni.un 
die ma|ol piolilem oi pi,nice 
ill selei ling an appiopii.i'e mat mil p e- 
seivmg i! in die loin; ot a iinloui in, 
(laid. Reieieiue has ahead' liciti otad' 
to the cubit ami to tin otic nil p<> « i *. 
turn of the i oi i espumlimt '(am! so; 
(hinge ol die piie.C* Us and ic i 
munliei ol otliei uiuli. citliei dented 
(ii nil die culm oi define cl uulc jielideull’, 
also came into piuiina! nr Wide '!(<• 
achent c»i the Stienltlit Knim .suic r a. 
Euinpe, in about the lull erntm*. i‘n 
legions of si'iciililu attiwK tut 0 t! .pi c.sw¬ 
ing uvei a l.iiiiu ami lai m m.ju ‘ ’ ' 
c cmilli ics ovei lhe inulimiii ,.!"ii v< to 
di.lt. the le I aim Olio ad 
still l.u gci \ ai a I. ol mol Ot ’i i m 
mi'.IMII enidll. I III ' 1 e mil , dll. 

pi imai il\ to die ! i. 1 i.i t I..i 

((>n1111u ii ir alinn ami a|,o die In I be 
of le.illsaliuu ol (lie ih ii tinlji of b 
a ( ei lain uiuloi mu . ol in,;’ , a ,< <, 

Imm stale to state and ran In.;,, 
to town, Aliy deladr'l rh i ijp'jou « , 
this I icw ildci mg suite!', nl uml , bod' 
ol weights and meatii'. viniil no!' 
mu .tic omit line annoy urn. .rjd 
Sullicc it to su\ dial ns die ci 'idi'nd. 
reutms Fiance, with the l.ii.r.t p.,p,di 
ti"U in Isuiope ami eiemoid ja usd in 
agiiiultmc and donicti. ctid. , :M 
situation was i haotn And dn me v .» 
tme ol almost ,im otlu i muni n of f 
but fin England v.ftno a tmn. i. 
gnsmumnt ami meitaiuiic «ii•.(dopmrm 
had imposed and mamtamrd .» i m!,< u 
system ol weights and nast.me, at fr s ,c 
flolit the time of Kdv.ani Ill I If,'. 3 
'I lie suli-(li\iannsot the lhsi,,;, .t,»nd.mb. 
howevci, hase been, and ad! . s -.r, 
saiiame with die da tin d a. ,ti (h a,, , s >„ 
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ingly, these standaids have been found 
rather unfit for univcisal adoption. VVc 
shall, theicfore, skip ovci the histoiy of 
establishment of these standaids and pass 
on to the considci ation of then Ficnch 
countci parts. 

ADMITTANCE OF THE METRIC SYSTEM 

The liisi effective step towards the fot- 
mulation and establishment of a national 
system of weights and measuics m decimal 
notation was taken in Fiance, within aycai 
of the outbicak of the Revolution m 1789. 
In accordance with the aims of the Revo¬ 
lution, and also in line with the scientific 
spirit of univeisality, it was intended to 
base the fundamental units of measure¬ 
ment on certain natural standards— 
common to all men. 

Among the academicians of the land, 
suggestions had already been made fiom 
time to time about basing a new and 
standard system of measurements on some 
suitable physical constants. In regard 
to the unit of length mcasui ement, for 
instance, the astronomer Jean Picaid 
(1620-1682) suggested as early as 1671 
‘the length of a pendulum beating seconds, 
i.e. having a time period of two seconds’ 
as the requisite standard, although he 
seems to have rightly suspected that this 
length would vary with latitude. In 
1748, the mathematician Charles-Marie 
de la Condamme (1701-1774) recommend¬ 
ed 'the length of a scconds-pcndulum 
at the equator ’ as the desired standard. 
On May 8, 1790, the National Assembly 
decieed that the Academy explore the 
possibility of adopting this standard as 
the national, or even the universal, unit 
of length measurement. In this decree, 
however, there was no mention of the 
decimal notation. 


In the Academy , lumr\cr, matins went 
differently. The ae ade'ime tans decided to 
investigate side, bv side a dill'eieut, but 
all-the-inote fascinating, suggestion, fust 
put forward by the axlumomeT Jacques 
Cassini (1677-1766) in 1720, namely 
that a suitable fine lion of the lneiidi.m 
between the tenestiial pole and the 
equator be taken as the lequiied stand,nd, 
The question of an accurate pi actual 
mcasuiement ol the ineiidian wax indeed 
vciy chnieult, but the aeadenut mas had 
aheady taken keen intrust m this piohlem 
from the point ofvievv of‘the iigtue o[ the 
Earth’, that is, whethei it in as llattened 
oi elongated tow aids the pules, 'I hoy 
legalded this piohletn almost theii own 
and hence pi rimed to make use of a part 
of the funds made available by the Assem¬ 
bly in the investigation of this leading 
scientific pmblem. As Biot (1771-1 lit 
wiote a few yeuus later, ‘.wiener also lias 
its politics’. 

It was the. Commission appointed for 
going into the relative merits of these two 
rival suggestions tliaL roeommeiule d on 
October 27, 1790, the; use ol decimal nota¬ 
tion in the new system. Later, on Match 
19, 1791, they recommended that the 
measui ement of an arc of the moiidian 
would he prcfciable to the use; of the 
seconds-pcndulum—for the main i cason 
that the lattci definition involved the unit 
of time and hence, undei mined the nee es¬ 
say of delating the; iundamcnlul units of 
mcasuiement indepemdcntly eif one; 
another. From tlu; mcasui ement etl an are; 
of the meridian, on the ollieu hand, if one 
weic to derive the length of a quarter 
of the Faith's mciidiau (in terms of any 
arbitrary unit of length), one Icn-mdhonlh 
part of which —later denominated as the 
metre (whence the system itself deuves 
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the name—the metric system)- would 
be taken as the unit of length mcasincimut 
The National Assembly adopted these 
recommendations on Mai eh 2G, 1791. 

In 1792, active work commenced on 
this project, namely the measurement of 
the length of the meridianal arc between 
Dunkirk (France) and Baiceltma (Spain). 
The pace of progress, howevci, was quite 
slow. Impatience with the slow piogiess 
of the work and urgency of the need of 
a standard led the National Convention 
(which had by then replaced the Legisla¬ 
tive Assembly) to adopt, in September 
1793, a piomsional metre, based on the 
earlier measurements of the Paris meiidian 
by the astronomer Nicolas-Louis de 
Lacaillc (1713-17G2). Matciial standards 
were to be piepaied under the supervision 
of the Academy and sent to all local admi¬ 
nistrations throughout Fiance, Coi res¬ 
ponding changes were to be m< orpmaied 
in the school textbooks of arithmetic and 
the use of the new unit was to heroine 
obhgatoiy with effect horn July 1, 1791, 

Political events, howevci, took a new 
turn On August 8, 1793, the Academy 
of Sciences and all other learned societies 
were suppressed by the ordci of the Cl (in¬ 
vention A number of leading academi¬ 
cians weie dismissed on flimsy gjminds and, 
consequently, work on all scientific pro¬ 
jects was seriously hampered. It could 
restart effectively only when the Institute 
National was established as sunessoi to 
the, suppressed Academy, 'l’lie geodetic 
woik, begun m 1792, got completed only 
towards the end of 179!!; this enabled the 
replacement of the piovisional iiielie ot 
1793 by a more dependable one, the latter 
being approximately 0.3 mm .slimier. 
The corresponding platinum cnd-stundaid, 
of cross-section 25.3x4 inni was t.on- 


stimtcd and adjusted b\ f.neih *n 
that its end-to-end length .it <' L a a 
equal, as near .is posable to th< umf 
dciivmg bom the tneanud line Inal 
meiuhau. and on June IT‘" - i. ;? v.i, 
deposited, with lull d.plmn.it'f -i'i! 
legislative reiemoiiv, in the National 
Aichives '1 lie new stai d.uii .named 
Mcln’ i/t'i .lir/u.<n. along v.itli it. di. ina! 
siib-mnlii])les, was appiovtd a> h tl m, 

Derenibei 10, 17* 1 ' 1 . hi i oinm i“nq.uf- 
soiy ill lf'Ol. Ill pi. ti tile. Iiov.iwm, the 
adoption was ratliei >lnv. and a l.tfc ,c 
1 057 the Fieiuli (Jo\ ei uim nt had to j*a 
a law foibidilim', mull i '.ni'ii" j ei.alt > , 
the use nl the old units a :imi.‘ the \t 
Ycai‘s tlav nl 101* 1 , 

1’v 1 .'172, .even othei 1 mope in » »'* 
and a good pail nl South \ii.os ,i !, ,t 
adopted the new s\ ,(i m l.n <r le 'in 
legali/rd ils ifi'.iriit ii e nt 
at ]iie.eul, i on ailei lie' the . u ,> if j,.’' 
ol its Inll-lli’i!;•«•<I adoption We ,n fi <5 ,4 
have also uiriilly adiiullr.i n.*., i, f . 
by the inle ol law 

l.SI AHI.IMIN) \ I nl HU js. tip 
NAIJOWI. IRtUtiUPJ. MJ in 

Shortly after the ..dopum o! tl.r Mi» S r 
des An hives, the mve .tiealoi v,h., 
winked on the get il< in i|.i.- 
prepared a lir-.li and driaihd ,ie «; 
theii findings and .iinin! at ti,r i 

sion that the men r adopti d i *. tbi j r. d 
commission w.r i.ilbei tn>i'li>«i( Ij.-ir,,, 
of rv.pi esMii" iliea tom hi nm an ina lk rj , 
term,, it appeal un.ir .ipj.o.pi ,.jti j,. 
mdieale, in iclaliou to iSie r. r 
ol dll' teli-millntilth pail t,| a m., 
qu. till.tut, that tlie adople.i smile ... 
about 0 9 nun i r. 1 pan ,j, < i., 

•shm’lei lb,ui the mfii.drd one, p e , ,,L,r s 
provisional one thu i mi. ( n j 

unn m i*xiD'N 11 | tnv iiuf* t s 5 d *, I i, > 
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the fundamental unit ol length was ulti¬ 
mately arbitral y! 

A closer reflection at the problem, 
however, leachly reveals the hollowness 
of the doctrine that the fundamental units 
must be derived from ceitam univeisal 
sources. It is obvious that, h respective 
of the mode of definition and the source 
of derivation, any specified unit is, in the 
last analysis, bound to be arbitrary In 
fact, the only seiious consideiation that 
need be given to the pioblem of the units 
is the one in regard to the possibility of 
their faithful and unambiguous reproduction 
(of course, under a suitably laid down set 
of physical conditions) Accordingly, 
the fiction of a cei tain pre-assigned rela¬ 
tionship between the fundamental 
standardoflengthand the carth-cpiadiant 
has got to lie quietly forgotten 

In the sixties of the last century, as (he 
popularity of the decimal metric system 
began spreading horn stale to state, 
suggestions started pouring in that now 
metric standards (of length ancl mass) 
be prepared and their official copies cons¬ 
tructed and distributed to the various 
organisations. The French Government 
thereupon took necessary steps in this 
direction, as a result, there came into 
creation, in 1875, the Bureau International 
des Poids el Measures (BIPM)—the Inter¬ 
national Bureau of Weights and Measu¬ 
res—comprising a central laboratory and 
office located at Sevres, near Pans. The 
work of the BIPM (which now includes 
the fundamental metrology of tempera¬ 
ture, photometry, electricity and the 
ionizing radiations) is managed by an 
International Committee of Weights and 
Measures, meeting every two years, 
which is elected by, and under the autho- 
nty of, the General Conference of Weights 


and Measures, meeting rveij six years. 
The membership ol the Genciul Con- 
feienre now extends over about foits 
states. 

The Inlei national Committee lesoherl 
that, in oidei to maintain the continuity 
ol useg the ne\t stantlunl of length lie 
defined as equal to the Metre ties Aichi¬ 
ves and, from the point ol view of satis- 
factmy pieseivalion, it he lotousliutled 
fiom an alloy ol ( i() per rent platinum and 
10 pci cent iridium, which, for its tnelio- 
logical qualities, had already been studied 
by the physicist Fizeau (1B!0-Il! c )(i) and 
the chemist Deville (lBlB-lBRlj. In¬ 
stead of making the new standaid of the 
end-type, it was considered piefcrablr 
to make it line-type, by easting it in tin* 
foim of a bar, of a speeia! eioss-seetimi 



Fig 1. Gicm-seclion designed liy Tiesta lui 
the lurinci International Pinlnispe 
Mctie and the national t i|»i< s 
tdimcnnons in mm) (alii r Hand) 

shown in Fig. 1 (so designed by the engi¬ 
neer-metallurgist Tresca (1BH-1BB5) as 
to give it maximum rigidity for a given 
quantity of the precious alloy used and 
also to ensuie that the plane smlace 
exposed in the upper channel of the bai 
was a part of the neutral surface when the 
bar sagged on its supports), the bar bea- 
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ling on its exposed neutial plane two 
parallel defining lines, separated at, ()°G, 
by the distance equal to the unit metre 
length as represented by the Metre dcs 
Archives The neutral plane of the bar 
is clearly the most suitable of all planes 
because the distance between the lines 
engiavcd tlieicon is least influenced by 
the manner of supporting the bai. Ncvci- 
thcless, it was also specified that the bat 
be symmetrically supported on two lolleis 
at right angles to its length and (J ..*171 
metre apait (for a bai oTtotal length about 
101 6 cm); with this specification, the 
actual distance between the defining lines 
would be least sensitive to the sepaia- 
tion between the rollers—which is again 
important from the reproducibility point 
of view. 

Because of the diflieulties in the metal¬ 
lurgy of the specified alloy, actual wmk 
of construction of the new standauls could 
not make a satisfactory headway until the 
late eighties The specimen finally accept¬ 
ed was the one now known as tin- Jolm- 
son-Matthcy alloy, containing 119.75 
90 25 pci cent of platinum and 9 75 
10 25 per cent of iridium, with small 
toleiances for impurities such as ruthenium, 
rhodium, palladium, copper, silver, gold 
and other elements A number of metre 
copies were made of this alloy and were 
ready for distiibutum when the fust 
General Conference met in Paris in 
September 18119. One of these, copies 
was denominated as the International Pin- 
lotypc Alette, superseding the Metre ties 
Archives, the length of the founer having 
been declared asccpial to tliuL of the lattei 
(within the limits of expei imental ciroi, 
namely about 1 /im^l0~“m) and was 
kept at the headquarters of the BII’M at 
Sevres. Official copies, with certified 


lengths, given m trims oi the nu'iir ie- 
presented on the Piotolspc, weir dntu- 
bulcd among (lie rnembei-sfate•• 

The irfnird definition ol the liietie, 
adopted lain h) the 7 th Grnri.il 
Confeienee in 1927 . tearh as follow. 

The, unit of length is the Metie, 
defined by the distant e, at 'O', bet¬ 
ween tile as.es of two natisveise linn 
engiavcd on the plntiiuim-iudiuiu 
bar kept at the Intniniiional Buie,m 
of Weights and Measine, and tin la¬ 
ird to lie the Piototspe of the Mrlie 
by tile Fust Crucial (‘onfei eme o| 
Weights and Me.ismi 1 ., this but bein' 
kept at the nottii.il .ilnin .plieut jur - 
sine and siippoitid b\ two loltii. >•; 
mean tli.uneln one 11 utuiietie jfioii 
ssiniuetin alb in the saute boinoniit 
plane and a distant e ol w'l u.n. aji.i't 

We noliee that the iletnntion m iln 
metre leijuiie-. the bai to be ai the i. tin 
ialls fixed (niipeiatuie ol unitin' i *' 
In prat tit e, howcxrt, it i. not aJv.a. 
umvemeiit to make i umpaiKon. a! H t , 
even ol' the pi mints staiitlaid. m tin 
laboiatoiy; latliei, I'm esnsd.e, u e 
lengths must be stamlaidised at nos uni 
working tempnatuies. h due. loUov, ilia* 
a knowledge ol the coelfiment . of ihr; - 
mal expansion ol these ban is n.pnieij, 
at i nrdiiigls, niueli Him t ha-, bn-n jus* 
into dcleimmim; the llieiiu.d dil.n Him,, 
ol metals used Im < mistim tine the hard, 
standauls, and paittiulails of the ji!ai,i. 
mim-ii nliiuii alios, 

Xexl, it is mteiestiug and impon.au 
to liaxe an idea ol die drglre o) Kiel Uioji 
attained m the t ouqiansoii of tfir vaiimts 
metie bats and die di <irr oi i onxtais> s 
willi which tiie hnnlnnsntt.ii unit has 
bc*cii maintained simr st. im epiiois a, 
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1889. The difleiencc between two 
metre-standards piovidcd with modem 
defining fines can be dctcimined with 
an unceitainty not exceeding 0 l/dm. 
Such a piecision cannot possibly be 
guaranteed for the whole family of metic 
bars as ruled in 1889 because ol the 
general lower quality of the lines engrav¬ 
ed at that time in companson with the 
modem rulings, indeed, many of the 
original copies have, dm mg the past few 
years, been le-iuled Nevertheless, it 
can be safely said that the International 
Prototype and its copies have preserved 
the unit metre distance with a precision 
of about 0.2 Man i.e. 2 parts m 10 7 . 

THE OPTICAL METRE 

Although the International Piutotypc 
Metre and its official copies dicl prcscivc 
the fundamental unit of length quite 
adequately, the ptoblem of reproducing 
the metre quickly and concctly still 
remained largely unsolved. It appealed, 
no doubt, highly desirable to evolve an 
alternative definition, which could enable 
one to realise the metre in any reasonably 
equipped scientific laboratory without 
recouise to the ufeience bars pteseivcd at a 
limited number of stations. One therefore 
notes with a sense of innate satisfaction 
that, as a result of the high precision woi k 
carried out m the field of atomic spectro¬ 
scopy dunng the present century, the 
metre has finally been defined through 
an atomic standard which gives it an 
accuracy of about 1 pait m 10 B in the 
matter of repioducibility. Incidentally, 
then, one of the major objects of the French 
reform, namely the use of an invariable 
universal natural standard for a physical 
unit, has at last been achieved, the arbi¬ 
trariness of the definition is, of course, 
bound to remain. 


This pait of the stniy again stmts with 
a Firmlnn.ui, the pli\,sn ist Babinet (1794- 
1872) who fin the lust tune (hew atten¬ 
tion, in 1829, tow aids the eonrept of 
employ mi? the wavelength of some sui¬ 
table liglu-wave as a stand,ml of length. 
In 1089, the Ameihan pfivsieist Mn h- 
clson (1852-1931) and his famous 
collaborator, the chemist Motley 11838- 
1923), published a papei ‘On the leasiln- 
lity ol establishing a light-w n\c as the ulti¬ 
mate standaid of length’, in width they 
desenhecl as to how one could employ 
the. now well-known Miehclsnn niterfciu- 
mctei in older to determine llu* nutnhei 
of wavelengths contained in a mctie. 

The piactica! wutk in tins direction 
started aL the HI I’M dining 1892-93, 
when the liist direct measmcmenl of the 
metre m trims of the wavelength of the 
led light ol indniium was made lp 
Michelson and Benoit. In 19(15.(1(5, 
Benoit, I'ahry and Peiot improved upon 
the accuracy of this me.iMuemciit and 
announced that this wavelength is, within 
the limits of experimental error, (S438 
4G9GxlU“ 10 m in standard air; the read¬ 
er may keep in mind tli.it the modem 
specification of standaid aii for spectro¬ 
scopy and metrology is: chy air, at lff'C, 
under a picssurc of 1013250 dynes/em a 
and containing 0.03 per cent by volume 
of caihon dioxide. In 1907, the Intel - 
nalional Solai Union (now the Jntei na¬ 
tional Astronomical Union) adopted the 
wavelength of cadmium red line as the re¬ 
ference basis for all spectroscopic measure¬ 
ments of wavelengths and defined its 
value in terms of live International angs¬ 
trom (A) as exactly G 138.4G9G A, the 
unit A thus being provisionally equal to 
10~ 10 m but subject to minor possible 
changes consequent upon any later 
improvement in the experimental value 
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of the wavelength m question. Tlie 7ih 
General Conference, meeting m 1927, 
although rejecting a pioposal to adopt 
the cadmium standard as the ultimate 
reference for the metre, gave fonnal sanc¬ 
tion to determinations of length living 
based on the value oi Ar—- frlUll -Kihfix 
10~ 10 m as an alternative to Lite use of the 
material standaids Incidentally, tins 
implied that from now onwaicl the ungs- 
tiom unit would, by definition, lie exactly 
equal to IO -10 m. 

In pursuance ol the foregoing san< - 
tion a number of physical Inboi atones 
all ovet the world carried out fiesh detei- 
minations ol the numbci of wavelengths, 
m standard an, of cadmium ml line 
contained m the me lie The weighted 
mean value, deuved by Ban ell m 191(1 
from nine determinations made b> vaiions 
investigators dining the period 1892- 
1940, is 1553164.12, the coi responding 
value of Ar being the same as adopted 
above, with a standard crioi of about (i 
parts in 10 s . In a recent rc-evalualion 
of the data, Hart and Band (l')hl) 
derived a value of 6440 2’190yl0 "’in 
in vacuo, coiresponding to the value 
6438 4695 Xl0~ 10 m in standard aii of 
refractive index 1.000276381. This re¬ 
vision, fortunately, has not created any 
new difficulty of practice. 

Now the question arises as to what it 
was that still came in the way of defining 
the metre exclusively in terms of a wave¬ 
length standard, thus .superseding the 
mateiial standard altogether The ans¬ 
wer is that no known optical ludiulioii, 
emitted from a natural element such as 
cadmium, appeared to possess a .signifi¬ 
cantly higher iepiodueilnlity than the 
best mateiial standards. Lately, bow ever, 
this did become possible, due niamlv to 
(he introduction and development ol 
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under the same conditions as 
weie laid down for it in 1889. 

The source of the standard radia¬ 
tion, recommended in 1%0 liy the 
International Committee, is the 
Engelhard lamp, operated aecuulmg 
to the following instructions • 

“In conformity with the paragraph 
1 of the (foregoing) i evolution, adopt- 
ed by the 11th General Conleieme 
of Weights and Mcasuies (October, 
1960), the International Committee 
of Weights and Mcasuies recommends 
that the Kr 80 radiation adopted as the 
fundamental standaid of length should 
be lealized by means of a hot cathode 
discharge lamp containing kryp¬ 
ton 06 of purity not less than 9 1 ) per 
cent, in sufficient quantity to ensuie 
the presence ol solid krypton at the 
temperature of 64°K, this lamp being 
provided with a capillary having the 
following characteristics • internal 
diameter 2 to 4 millimetres, thickness 
of the walls about 1 millimetre. 

“It is estimated that the wave¬ 
length of the radiation emitted by the 
positive column (of this lamp) would be 
uniform to svithin 1 part in I0 8 of the 
wavelength corresponding to the tran¬ 
sition between the unperturbed levels, 
when the following conditions are 
satisfied- 

“ 1 The capillary is seen through 
from such an end that the bright rays 
coming from the side of the cathode 
towards the anode arc made use of. 

“2. The lower paitof the lamp, 
including the capillaiy, is immersed 
in a cold bath maintained at the 
temperature of the triple point of 
nitrogen to within a degree. 


",i, I hr ( ui n m drirals m die 
cnpillniv is H.,1 t II I unipeie per 
sqnai c i cntiinctrc " 

Sluntk altnwairf.. in I***» 1. II.nl and 
Band lepoi ted mrustirt lticul ■, mtrmisnf 
the new (lelnniimi, made m the iahnr.t- 
tories of the National Kesraub Coimeil, 
Oltawa I Canaria . mi ban I-turtle line 
standards whose ielatiiuis|ii|<s with tlie 
former Emlnlvpe Metre v.eie all cads. \sel) 
known. Thes found dial the ininilicr of 
the standaid seas eleugths t out.lined in the 
original metre a\ ringed at Ib“tl"li4 08. 
so that the new mptital men e w a 1 shorin' 
than the oiigin.il one bv about one-tliird 
of a wavelength, m imue i.imilias terms, 
one could say dial the new metie minus 
the old metie is ecpial t<< *M!H± 

0 01 ) /On. 

It is impoit.ini in uoie dial the length 
difl’nenee between die new and die old 
siaiulauls, if at .ill teal, due- mil piesrnl 
any spot ilie dilfu tildes til eoiilimnts lie* 
eause it happens to be ol dir* same older 
of magnitude ns the mu et inintv appea¬ 
ring in die preset vat it in nl tin* metie on 
a material standaid and in the intei- 
eompanson ol die various rojues dicieof 
On the olhei hand, die new metie, 
unlike the old one, tan lie reptodueed, 
if the stated phvsieal touditioiis aic 
guaianlccd, with an act nines of about 1 
part in 1() 8 , 
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A Formula in Optics Critically Examined 
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W HAT is the numhci of images when 
an object is placed m between two 
minors inclined at an angle a ■' This 
was the question put to me by one ol mv 
students and to lie vciy frank I was not 
able to answei it satisfactorily even altn 
consulting books on the subjeit. 

The pioblcm may not be of grrai value 
to the great scientists but for a leachet 
like me nothing can be nunc important 
than guiding the students on the light 
path. I, therefore took the ptoblem ear¬ 
nestly, and after having winked on the 
ptoblem for sometime I have (nine to (lie 
conclusion that the iormula I'm the 

numhci of images I .given almost 

a 

in all the books T consulted, is not valid 


lor all values ol a li i~ old", inn lm 
those values ol a lm wlm h UiU is i a"i 
tunes divisible In a, Iiisahihl. o! (la 
formula is not \ei\ dillii ult t*i In piovid 
M\ aim is not mils to piuvi llu above 
loimula invalid Inn also to raahh ii nrv, 
laws lot answei mi 1 , the above tjur-ijm, 
For llus it will be belli i lo deal epaioli •- 
with the lollowmi', tluee ia«r v.hnh o 
then geneia! loim unhide ill die 
lioiu O' to hid 

(l.ise I ' I lie ieiiiamdei nj |,",M , |,< 


a 'Kilt 
iqual lo ,, m 


an miIi] uiiUila - 


I.el the angle a liMno’n ivo :utu<u 
t) V and Ob be I'.ltl and an ub|r> l P *« 
plated m a position as shown mb. i 
Ol 1 is making an angle ol \> with M\ 
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Ail About Noses 
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Shift CnHi'gi'. I.utlnM I’nuail',, l'i hi«;< 


T HE nose is a characteristically human 
feature, mainly a decorative organ on 
our faces. Its absence or even a rlcl'oiniitv 
will be quite pungent and, therefore, its 
external form is impoitanl. 'We must 
admit that in man there is no obvious 
connection between the fmrn of nose and 
its function, Can we say anything about 
the relation of temperamental pceuliaii- 
tles to the form of nose, ? Aristotle says 
that persons with thick bulbous nose are 
insensitive and swinish; that sharp tipped 
noses belong to irascible persons; large, 
rounded, obtuse noses arc found in mag¬ 
nanimous, lion-likc individuals; hooked 
cagle-likc noses in the noble but grasping 
persons, But probably no such relation¬ 
ship exists. The nose in man shows many 
variations of form apparently due to some 
sort of degenerative flamboyancy m an 
organ. Peihaps sexual selection has played 
some part in the evolution of various 
nasal forms, but this seems hardly likely 
m view of the extreme commonness of 
all kinds of noses. 

The nose is primarily concerned with 
smell which together with the taste forms a 
part of the same sense. Taste informs 
the brain about the suitability of a tiling 
in the mouth. By smell we get more 
information about things near about (may 
be hidden from view), for instance, when 
buying apples or melons we usually rely 
on the odour. Inside the kitchen cooking 
things are mostly verified by the nose 


when one doe** not v.'di to * i-m ibowh 
the eves tnav be flu Us t imm atm * hit 
sense ol smell is no) g, ..,d, •• ,d < i she 
<,ise with nionkevs .Hid ape. li.es use 
known to tom It oh|e« s in ’. Men »,mr 
them for visual *suin.iMi'oii, dun until 
and finally taste the in. 

In a 11 mill m i of town made **j ajujuab 
like frogs and b/aids, a p.is.mc 1 rsv rrn 
tin- nasal iliainhet and the i««d o) the 
moullt samples, bv ‘iiielinc'. llimia 'li.it 
have been taken into the mouth In 
livhes the smelling app.uaiti. • *«i« i > ■ of 
two small capsules, one on ea> h side of 
the head, limn whiili molnh open and 
a groove eouiieets wiib the mouth » miv. 

Two oilier iutpmlniit him liote- .nr 
pcifouned hy the now; Inulv. st icmoves 
impurities limn the air, kills h undid 
bacteria Indore they MMth the hums and 
secondly wauns the in-going tool air. 
In lughei guides of animals debt ate hmty 
scrolls known as Unhinals limn an flabm 
rate system which wauns up the ait ns 
it passes through its channels, ‘litis n 
best developed m the 1’acilie m can dw cllei, 
the otter where the turliinals Imiu a vn\ 
close niesli-wmk looking like a sponge.. 
Usually two sets are present; the ethmn- 
turbinals grow out iinm a median hoiiv 
scplnm in the nose and the maxillouu- 
binals from the upper jaw. It is hugely 
over the first set that the nerves li.r the 
i eception of odoui.s arc distributed while 
the second set warms the air. In cats 
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where the cliirnotm hmnls ate . the 

sense oT smell is pool while an * ■ > l, h 
opposite condition occurs m ' 1 he 

keen sense of smell uhuli is piebald*, 
the best in them h.ivc made them mi-. 
useful in tracking tineses. At 'hi *<lhri 
end of the scale me animal-. with huh 
or no .sense of peieeplmn liki lndl-do>». 
and Japanese spaniels These muld not 
suivivc if man had not been taking rate 
of them fiom icspiiatmy diseases, Hipiu- 
rels are supposed to fmd theii lavountr 
nuts by scent and many animals will 
swim across a lake or tivei led In the 
odour of an edible stuff. 

Many laces put cm vauous kinds n| 
decoiations by tattooing m painting on 
their noses Some Aftitaii tares neat 
jewellery made of ivory, bone 01 wood 
by piercing tlic septum of the nose In 
India, a Hindu woman will usually base 
her nose holed for wealing a gold ling ot 
a bud 

In vavious animals the nasal legion 
(cvciytlung in fionl of the eves) of the 
head is patterned foi cliffeicnt put poses. 
In elephants the trunk compensates for 
all the handicaps due to its bulky stature 
and short ncclt, Without moving and 
bending he can pull down blanches- from 
a tree, shower himself with water or dust, 
feel the air in all diicctions, convey things 
to his mouth, trumpet to its heait's con¬ 
tent and use it as an effective weapon of 
offense and defence. The elephant’s ti unk 
is, in fact, nature’s best nose and to its 
possessor a priceless Uensure, In ant- 
eaters, the nose is in the form of a long 
tube and withm lies an extremely long, 
mobile and sticky tongue which is used 
in catching ants on which the animals 
feed. Pigs and aaid-varks which throw 
up mud and garbage in quest of dehca- 
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The position of the nostiil is e\tirmrly 


important in lung bieallins living m 
water like hippopotami, noiothhs, tings 
and whales. They have the opi-MUi! so 
located that these puns emnge in si tmin 
the u.itei, the lest til tlie body i eni iitmig 
hidden beneath the wain. 

In most iuauktuaK long still h,tjn 
(vibriss.it*) that tclcgiaph tutuh impulses 
to the body at e present aimunl the unsmls, 
Nocturnal (moving timing night liinrj 
animals like labials, mire and < ,n«, use 
these whiskers to know objnts they do 
not sec and the walrus in taking the 
muddy ocean floor to hnd out edible 
clams. 



Space Biology 
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T HE twentieth rentuiy lias been designa¬ 
ted by some as the 'spare age’. Man’s 
age-old desire to go to the cmtei vvoild 
was 1 ealizcd when on Apul 12, 1961, the 
Russians launched the space ship, Vostok 
I piloted by Majoi Yuii Gagaiin (Fig 
1) Following lum a nurnhei of Russian 
and American cosmonauts including a 
woman have oibited mound the eaith in 
space. This maivellous achievement is 
the lcsult of teamvvoik and co-operation 
between laige group, ol scientists iiu la¬ 
ding biologists. While the mlc ol an 
engineer or a physicist is pci haps veiy 
obvious to you, you might well wonder 
as to what is the conti lbulion ol the biolo¬ 
gist in man’s adventuie into space. Living 
on earth, wc hardly leah/e how much we 
aic conditioned by the physical Imres 
(like gravitation, atmospheric piessme, 
temperature, etc.) opciatingon us. Out 
in the space the conditions are so difleient 
that even the most oidinary activities like 
dunking watci fiom a tumbler become im¬ 
possible topeifoim (Fig. 2), The iicmrnd- 
ous speed at which a lotkel is shot would 
cause horrifying sensations and a paia- 
lysis of the mental activities of any one who 
boaids this lotket. The science ol space 
biology and space, medicine anise hum 
the need to study and seek solutions to the 
pioblcms of man’s survival in this environ¬ 
ment. 

Space cxploiation has also given an 



Jug. 1 M.ijm Yun Oajgaiin, ihr fiisl Cnsiliniuuil. 
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opportunity to biologists, who unlike 
physicists or chemists me normally con¬ 
cerned with the phenomena on earth, 
to find out whether life exists outside the 
eaith. Should any lie discovered, the 
biologists’ fust wish would he to gain an 
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F.g, 2. This is haw Valentina Tncshknva, ihe 
fust space woman lakes hei food m space. 
(Courtesy Tass) 


The Nature of Space 


About and above us, surrounding the 
earth, is the atmosphere (Fig, 3). Scientists 


understanding of the chemical basis of 
this life. Docs it, like life on earth, use 
the piotein-nuclcic acid system ? Ifnot, 
what chemical systems are used for here¬ 
dity, storage and catalysis? Along with 
the search for life there is also the need 
for a clearer understanding of the chemical 
evolution which led to the origin of life 
on earth Before going further with the 
biology of space travel, however, let us 
first learn something about what consti¬ 
tutes space. 


believe that it extends outward for about Fig. 3. Different layers of the earth’s atmosphere, 
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%0 kilometics 01 more 1'he lowest 
i cgion extending to about 11 kilometres, 
is the tioposphcre. Only the fust foui 
miles are inhabited by living oi ganisms. 
Sevcial gases, water vapour and dust aie 
rather tightly packed in this i cgion It 
is the weight of the molecules of all these 
substances that produces a piessiue of 
appioximalely 10333 kilogrammes per 
square metre on our bodies at sea level 
As we go up, the pressme falls 25 milli¬ 
metres foi cvciy 27-1 metres and the 
picssure on our bodies also deeteascs 
accordingly, The tcmpciatuie of the 
Jowci pait sun minding us vaiics between 
10°C to 40 C C. In the upper part of 
the troposphere, however, it may be as 
low as-20°C 

Aliove the troposphere, foi about 110 
kilometics, lies the stratosphere. Here 
the molecules arc lew and spaise, At 
about 40 kilometres above sea level, thete 
is a layer of ozone, vciy impoilaiit to us 
because it filters out most of the ultia- 
violot ladialion ftom the sun. Though 
such ladialion is beneficial to life, in 
excess it may be injurious The tempera¬ 
ture in the stratosphere varies Horn 
— 20°C lo + 90°C. 

Extending outward fiom the stratos¬ 
phere to a height of about 960 kilometres 
fiom the earth is the highly electrified 
ionospheie. This legion has a still lowei 
concentration of molecules. Here the 
temperature is as high as 1000°C. 

Beyond the ionosphere is the outer 
spare which is practically a vacuum. 

'1 he Biology of Space Tim'd 

The conditions prevailing m space, i.e. 
above an altitude of 960 kilometres arc 
extremely hostile to human life (Fig. 4). 
Pressure is so low', that the fluids of the 


body begin to vapouuzc; and theie is 
no air to bicathe There is also no light 
because, the atmospheie which scatteis 
light lays does not exist. Theie is only 
a blazing glare horn the sun; all else is 
dark. Due to a complete lack of any 
matter, sound wave, cannot be transmit¬ 
ted; there is no orientation by gravity; 
the radiations arc hazardous to life and 
dangerous locks and meteors hurtle by. 
Not only dune, a long flight through space 
pre-icnts the pioblcm of supplying oxygen, 
food and watci, and ol getting rid of 
body wastes. Man’s daily needs are about 
2,200 grammes of water, 400-500 grammes 
of food and aboul 1000 grammes of 
oxygen. 

TnivEn-uci or At.cr.uaiArioN : In Older 
that a spaceship may leave the gravita¬ 
tional Imres ol the earth and orbit mound 
it in the space, it must obtain a speed ol 
40,000 kilometres per hour. This means 
that the vehicle must be brought from a 
stationaiy position to a speed of 40,000 
kilometics per hour in a few seconds. 
This sudden aceeleiaticm (rale of change 
of speed) exerts an enormous pull on the 
occupant oi the space-hip. You can 
understand the effect of aecclci alien by 
a simple example —when your car starts 
to move, your body is pressed against the 
back of youi seat. This accelerating 
force, which has the effect of increasing 
your weight, is measured in units called 
g. Normally our bodies are being 
subjected to the force of one g. In an 
ordinary elevator, we may be subjected 
to forces up to two g. A person moving up 
in a high speed elevator may, however, 
be subjected to a pull of live to seven g. 
Under high g. blood rushes towards the 
lower side of the body, and the heart can 
no longer keep it circulating through the 
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arteries and veins. This results in a fail¬ 
ure of the brain and retina of a person 
who is in a standing position. 

In a space flight the first exposure to 
rapid acceleration is during the boost 
phase. A second build-up of g hirers 
comes during the re-entry of the space 
craft. One may encounter Ibices up to 
11 g or even more which is well above 
the tolerance of ordinary men. However, 
with prior' training, such as by whirling 
in specially designed centrifuges, it is 
possible to stand a high gravitational pull 
without any ill effects. 


lixperinirnls also mduutr lh.it .is <om- 
paretl to a standing nr silting pnsitnr, the 
adter-ic cllerls of i.ip.-d ,i< t clcintuiit anil 
deceleration are much lo'-s proiinunr rd if a 
person simply lies down. In hut, in the 
space capsule the cosmonaut's scat i* so 
fixed that during take oil' lie hr. Iimi/on- 
tally on his back. 

Till. limn tn Wiu.iiiUssM ; 1 he 
period of the spaceship's rapid .u i clrtatum 
lasts only a few minutes C hu e du* destrt d 
velocity and height haw* been uwittcd, 
the power is shut off. At this immient, 
the g-factor reuses, whcmtptm tin* cos- 
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monaut begins to experience the sensa¬ 
tion of weightlessness. Because the caith 
is so fai away, its gravitational pull now 
exerts practically no cUcct on his body. 
If he moves his legs m hands, he haully 
feels it The sense of balance is also 
lost. 

Body Piussmu in Space : The 1 eduction 
m baromctiit pressure itself can be the 
cause of a mm bid condition When 
pressure around the oiganism is lowered, 
the gas in different cavities of the body 
and in the blood expands damaging the 
tissues and clogging the vessels There 
is also the danger of the boiling of blood. 
This problem has been successfully solved 
by developing heimetically scaled cabins 
in which the desired level of barometric 
pressure can be maintained. Should a 
leak develop in a spaceship cabin duiing 
flight, (he cosmonaut is additionally pro¬ 
tected by a specially made space suit. 
Basically the suit is a tailored rubbci bag, 
a man-shaped balloon, and it is the, cos¬ 
monaut’s final protection against disaster. 
The picssuic-suit is connected to a pump 
through a pressurcstal which can accu¬ 
rately hold a uniform pressure. 

Respiration ; At 26 kilometres above 
the earth, the density of the air is only 
about 4 pei cent of that at sea level. 
Beyond an altitude of 112 kilometres, theic 
is piactically no atmosphere and thcrefoic 
no oxygen. However, after training, 
man can exist in an atmosphere of approxi¬ 
mately one-half the normal oxygen 
content on earth without disromlort and 
still be reasonably cHicicnt. 

Extremes or Temperature : Our atmos- 
pheie absorbs much of the heat radiating 
from the sun thus alfoiding us a chance 
to live. However, in space this insulat¬ 
ing blanket is absent and theiefoie there 


is nothing to ward oil’ the high tempera¬ 
tures pioduccd by sun’s ladiations Also, 
there is no atmospheic in space to conduct 
Lhc heat away fioin the space ship. Thus 
a sht]i in outer space would absorb the 
high intensity of sun’s lays on the side of 
the slap facing the sun, whet cas the side 
away from the sun would be extremely 
cold. However, (lie greatest danger is 
due to beat generated duiing the le- 
entry of the ship into the earth’s atmos¬ 
phere. At the gieat speed of movement 
of Lhe space ship, high tcmpcratui es would 
be built up around the ship as soon as it 
begins to collide with the gas molecules 
of the atmosphere The heat generated 
by this friction has to lie reduced in order 
to pi event the ship and its occupant fiom 
burning up, This is done by slowing 
down the ship in stages as it icturns to 
the eai til’s atmosphere and also by 
coveting the ship with heat resistant 
material. 

Radiaiion Hazards in Space ; In addi¬ 
tion to the visible light and infra-ied rays, 
the outer spare abounds in ultra-violet 
and cosmic lays. The ultra-violet rays 
are dciived Irom the sun and cause severe 
burns as well as blinding. The cosmic 
rays arc produced either from the explo¬ 
ding stais or horn the sun itself. They 
have high energy and great penetrating 
power and cause genetic, mutations. The 
atmosphere of the caith filters out the 
ultra-violet rays to some extent and the 
cosmic rays alsmost completely, In 
space, however, there is no protective 
atmosphere and thus the cosmonaut has 
to be protected from tlu-ir cfle.u 

Experiments indicate that lbi shoit 
periods ol ihglit wc need not fear such 
damage in space. Monkeys have spent 
as long as 35 hours in balloons at an aid- 
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lude of 27 kilomcUrs, with no olivet vahlr 
genetic change. Balloons have also 
earned black mice to altitudes <>1 about 
30 kilometres and exposed them to cosmic 
rays 'When these mice uric u-turned 
to the earth, their coals had turned svhite 
but no detrimental genetic cherts were 
observed. Moreover, tbc wall ol the 
cabin affords a good piotretion against 
these radiations. IIowcvci, foi journeys 
to moon and other planets, which may 
take several months, cosmic radiation does 
pose a serious problem 

Psychological Effects of Space Travels 

We arc all used to alternating periods of 
day and night. Tests indicate that a poi¬ 
son cannot tolerate either day m night 
indefinitely Spaceships, therefore, will 
have to be equipped with apparatus capa¬ 
ble of producing artificial day and night 
cycles in order to accommodate this 
psychological need in long trips. The 
sensation of weightlessness and the long 
periods of time spent in cramped quarters 
are other psychological problems of space 
travel. However, most of these problems 
can be solved by an adequate training 
programme which the spacemen undergo 
before flight. 

Strangely enough, the most difficult 
problem to overcome has nothing to do 
with the mechanics of the space craft. 
Man’s greatest enemy in space may be 
boredom According to cuncnt estimates 
a round trip to the neaicst planet Mais 
will require 520 days. Passcngcis on 
such trips will have to be provided with 
some means of activity which will relieve 
the monotony of uneventful days and 
nights in a small, closed capusle, Even 
the success of the trip may depend on this 
problem. Boredom often leads to careless- 


iii-s, and time is huh- ><: i,u ,i;!»• v.ai.rr 
flu mistake' in spu« r v*<i 

) I 'hat Mai. tu a •/ Sf hen.an 

On knowing about !]„r r\* ila U t ' J eii- 
cures id the r osm*inaiit-«. vm too mr;hl 
lie set tells frniptrd m avail <»1 aOiunrc 
in liasel in the sp.*> e. Vmi Hindu .dsn 
he wmitletiug wl.rthet sun wall he ,di!r 
to I nave the tigoutsid the ,nmia".. 

Anyime who wants tii heroine a spatr- 
ltiau shoultl have hunt minus pltSMtal 
and liioial stiength He must be .thli- 
to adapt his p.ssi linings to the tnmpltx 
conditions of the to* tuns. ’I bi> is 
achieved hy appioptiatr ti aimin', Many 
tests have to he gisen t«» the luiaiulalts 
to detemiiiie theii physiial iititr s and 
p.syehologii ,il stain Ills. Cine id the ini¬ 
tial tests is to place a man m a ihamhrt 
completely devoid oi Infill and sound ami 
leave him their alone lot 1)1 horns. 1 lie 
puipose of this lest is to tlrlnminr how 
well lie can tolerate siu It ahvtluie (purturn 
and isolalinn, Following this air tests 
to determine how a r.indulatr will trad 
to the severe turrit*! nth tit to which his 
body will be. subjected timing the initial 
period after a rocket is blast oil', ‘litis is 
done by placing the man m a spot ial 
ccntiifugc aud whaling him muitd at 
high speeds. Another test is to place 
the candidate in a loom in whiili the 
temperature is raised to fiT’C, whemipori 
he pcrfoims speeilie tests to detnmme 
how well lie can maintain his irm turns 
at such high temperaiui es. ‘I he tandi- 
date is also subjected to eat splitting muses. 
Also, hy means of a seties of vat mint 
pumps, the atmosphetc is intuived horn 
the room so that lie is placed at .m \dti- 
tude’ anywhere up to 32 kilometies. 
These arc but only a few of the tests that 
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candidates must undergo to determine 
then fitness and to tiain them foi what 
they will encounter during long pcnods 
of space flight, 

The Futm e 

With the achievement of success in 
space flight a glmious chapter has been 
opened m the histoiy of human adventure. 
Many fundamental problems have been 
understood and solved, but more compli¬ 
cated problems lie ahead After the cos¬ 
mic group flights by the Russians, it has 
become cleai that prolonged manned 
flights in space arc possible. Ahead lie 
explorations of Moon, Mais, Venus 
and (lights to the furthcimost parts of the 
solar system and beyond it. 

Experts maintain that manned flights, 
with the cosmonauts in a piessurised cabin 
in which an icgcnetation is ensiued by 
special chemical substances and the o ew’s 
nouiishment by supplies taken 1'iom the 
Earth, can last only lor 15-20 days 

Intel planetary flights lasting several 
months or even yeais, will rctjuiie diffe¬ 
rent methods of regeneration of the aiti- 
ficial atmosphere and of replenishing 
food, water and other supplies. In a 
spaceship this can perhaps be done by 
ci eating a midget model of the Earth in 
it with a closed ecological cycle somewhat 


like an aquaimm Em this icason manned 
spaieships will ha\c to <an\ plants 
and animals which will help to maintain 
the nccessaiv (lunucal composition oi 
the atmosplicie, The \ eg table king¬ 
dom on lio.u cl the spaceship will also 
heroine the main souiee of organic subs- 
laiucs wltidi will seise as (nod (or the 
(osmonaut and the animals. The um- 
ccllulai gieen alga Chloirlla is a kind of 
oxygen factory intrusively eonsuming 
carbon dioxide and giving oil nxvgrn, 
One lilie of Chlmella tan pioduie 10 litus 
of oxygen m 21 limns, Chlmella is un¬ 
pretentious and multiplies very lapidly. 
So it would he of gieat advantage to 
entry Chlmella in span ships to piovide 
food and for exchange of gases, Of 
great importance m a closed circulation 
me mino-organisnis, through whirh the 
excretion ol men and animals can be 
draw'll mlo this pionss ol biological 
balance, and used (ffcriivcl), Thus 
the closed ecological svslcm of stellar ship 
repicsetits a ‘factor)-laboratory’ whcic 
carbon dioxide and other waste jrroducls 
of metabolism will piodiue everything 
nccessaiv (m the cosmonaut's vital acti¬ 
vity. Most likely within a few yeais, 
some of these ihcoietleal possibilities 
will lie translated into realities and a few 
of you may be lrscmng )our tickets foi 
a holiday journey to the moon. 
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S ECONDARY School Mathematic 
(S.S.M.) is the basic structure tut 
which the whole superstructure of mathe¬ 
matics, physical sciences, social sciences 
and technology in the universities and 
technical institutions rests. Weaknesses in 
the baste substructuie have led in the past 
and can lead in the future to considerable 
weaknesses in the superstructure. 

There has been a tremendous upsurge 
of research activity in mathematics dining 
the last few decades. Mathematical 
Reviews which gives brief reviews of ic- 
search papers and books had 1050 large 
double-column pages in 1900, it had 
about 2200 pages in 1961, about 2500 
pages m 1962 and is likely to have 3000 
pages in 1963. Mathematical knowledge 
has been estimated to double in a period 
of about fifteen yeais. More mathematics 
knowledge has been gathered since 1947 
than there was till that year. Our secon¬ 
dary school syllabi m mathematics have 
changed very little, either in spirit or in 
content, during the last hundred yeais 
or so. It is not uncommon to find text¬ 
books written forty or fifty years ago still 
being used in many schools. We have 
been completely static too long in a dyna¬ 
mic world. 

The tremendous explosion of mathe¬ 
matical knowledge has had its impact on 
university syllabi m most countries of the 


uoild. Kuhjri Is like .»1- Js.<« 5 .(Umbra, 
topology, nuMMiie tSu-'ubnuttona.1 
analv-is. on.. hceau io hit*! ,i }4a*<* m 
Ament an un:\ri»itoW sOhtbi about thirty 
ye.UK ago and in Indian nun <0 stirs' 
syllabi about tm seat- ayo Is rn now 
quite a huge number nt Indian unis erst* 
ties do not have thr*r sidgrtts an their 
M Sc. syllabi, but rvnv yt.it v.e Itttd 
four or live nnivriMlics iuU.-diumg thr*c 
subjects. Some have inttothurd some 
of these even in then H.S>. ssHabi Hit* 
has introduced mt.nii ‘stpier/sm:’ Jit the 
university syllabi. ‘Hie «.stihiuilrntng 
of university syllabi mas truth in the 
students emeigiug with lain notions about 
the new concepts. It is felt lltciejotc that 
some tif the new load must hr taken up 
by the secondary sthool rmnsrs, 

There was :t time lag oi about jtllrrn 
years in western commies between the 
introduction of new (oncepts tn mover- 
sitie.s and schools. A sittnl.u tunc lag 
is likely to occur iu our tminus. Our 
schools should lie ready to thatige thas- 
ticully during the next live m -ox years. 
Preparations must start on a large stale 
right from now in make this transition 
smooth. 

A secondary school student ol physits 
comes to know about a large number ol 
discoveries and inventions of the twentieth 
century. A mathematics student seldom 
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knows any tiling discovered after the 
seventeenth century. Natiuallv a student 
does not feel as much impelled to tlo 
creative work in mathematics as 
lie does m physics. If we have to 
attract the right type ol talent for mathe¬ 
matics we have to mtioduce at least 
some modem concepts at the school 
level 

Some of the topics inlioduccd in secon¬ 
dary school syllabi m the U S A., aic 
set theory, logic probability, statistical 
inicrcncc, algebraic structures, matrices, 
axiomatic method, linear piogramming, 
etc. Some of these do not find a place 
even now m the syllabi of some ol' our 
universities though they arc being nitio- 
duced gradually. It is obvious that 
tcachcis of S.S. mathematics will not be 
able to teach these topics without aclc- 
quatc preparation, These topics aic not 
more difficult and do not necessarily require 
a higher degree oi maturity than the 
topics included in our present S.S syllabi. 
They arc however different and leficcl 
more correctly the spirit and needs of 
modern mathematics. 

During the last thirty years new appli¬ 
cations of mathematics to social, agricul¬ 
tural and behaviouristic sciences have been 
discovered. An almost new mathematics- 
based science of statistics has developed 
with very wide applications to physics 
and chemistry, engineering and technology, 
agricultuic and animal husbandary, 
business and commerce, public health 
and demography, etc. These new appli¬ 
cations have, to lie reflected in our S.S. 
mathematics syllabi. In fact the pro¬ 
gress of some of the social sciences like 
economics has been considerably retarded 
in our country, as students and tcachcis 
of these subjects were not provided with 


an adequate backgiound oi mathematics 
in their S S. (nurses 

During the last two decades enlnely 
new applications ol mathematics to indus- 
iiy and management sciences of vast 
potentiality have been discovered in the 
form of the science ofopeuitums icsenuh. 
Techniques of inventmy cmitinl, mathe¬ 
matical progi atnming, queuing sequencing, 

1 outing, replacement, maintenance, 
reliability, competition, search, inhu¬ 
mation, cybernetics, etc. have brought 
about vast changes in the outlook of a 
large and influential gioup of peisons 
tcgarding mathematics. The mathe¬ 
matics required for these applications is 
vciy often different hom (though not more 
difficult than) that required foi applica¬ 
tions to physics and cngincenng. 

Since a large number of sceondaiy 
school boys who may not read any mmc 
mathematics have to enter induslty, their 
needs must also be met by S.S. mathe¬ 
matics. 

It is not only the number and quality 
of new applications of mathematics that 
has been increasing in recent years, the 
rate at which tins number increases has 
also been increasing. This implies that 
S S.M. should not only lie such as to allow 
the students to appreciate and under¬ 
stand current applications, but should be 
so designed as to enable them to appreciate 
those applications that may lie found in 
the near future. This obviously necessi¬ 
tates that we leach general principles 
consistent with the spirit of modern pure 
and applied mathematics rather than be 
lost iu particular details. 

Modem developments in science and 
technology require a new habit of original 
and critical thinking and the foundations 
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of such a habit have to be laid m S.S M. 
We have to develop couiscs vim h empha¬ 
size basic concepts and not onK give the 
students certain algorithms lin rail's ini' 
out opcialxons, but give them the ‘why’ 
of these algorithms. Our srrondaiv 
school syllabi should rcllcet the spnil of 
advancing frontiers of both pure and 
applied mathematics. 

The developments associated with 
space age and electronic computers have 
influenced the type of mathematics 
required and this should again be relict ted 
in our secondary school programmes. 

The teaching of S.S. mathematics 
should bring out its chief characters ties 
such as abstractness, piccision, generality, 
logical nature, etc., and any topic which 
does not satisfy these standai tls has to 
go. Theorems in mathematics aie as 
true today as they were ycstciday but 
they can become obsolete as much more 
general or moic interesting or more abs¬ 
tract or more useful theorems may be 
discovered. 

Our history shows that we as a race 
have always had a special aptitude for 
mathematics and our reseaiches always 
had a stamp of quality, 

Aims of Teaching Secondaiy School Mathe¬ 
matics 

Mathematics is taught in secondary 
schools foi one or more of the following 
reasons 

1 . It is useful in daily life, business, 
commerce, banking, auditing, 

navigation, surveying, etc. 

li. It provides special training m con¬ 
centrated, logical, precise, abstract, 
general, quantitative, economic 

symbolic and rigorous thinking, 


in. It plo\;d<-» nue id the lil'isf beauli- 
fit! -run hues <ii (h‘iiu:!if that man¬ 
kind hn« evoked oses tin* ages 
wlmli should be studied llldepeil- 
denlk nl tls uses. Ibis icins to 
the aspef t ni mallicinalii s,)s an ‘art 1 
or as mu* ol the 'hmn.uuties'. 

iv. It is an uulispetisililr tuol lor the 
sludv ol ph\sn - .mil all luam lies of 
engineering am! trtlmolngs, 

\ It is a veiv melul tool lor the study 
of social Mti'iti i'\ like enmomirs. 
S'K'iology, ps\i hologx. eti, 

vi. It is fundamental foi tin* study of 
inatheiuatieal siatisiits which has 
Mich wide applications in almost 
all lickl- of human activity. 

vii. It is basic foi the development of 
the new si iem e of Operations 
Keseaieli which is limling so many 
applications m mthistn and 
defenee. 

vui. It is basic loi the use of modem 
electronic runiputris. 

Among those topics whitli meet some 
or all of the above niteria, we will have 
to choose those which are mote uselul to 
the group of students under roiisideiation. 
For .some students secondaiy school 
com sc is a tctmiual entitle, for other!* 
it is a gateway for eiiliy into a university. 
Some will cease to study mathematics aftn 
secondaiy school e\en if they lonlimie 
mnve.rsily education, othns may eoutumc 
to use it as a tool anti still otlieis may 
lake to mathematics as a career. It may 
be necessary to have dill'crcnt mathematies 
courses for the dilleient groups or we may 
have basic mathematirs tmuses common 
to all groups and then supplement it by 
optional courses which may lie different 
for different groups. 
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The Piesent Syllabi 

The piescnt secondaiy school syllabi 
and methods of teaching m our schools 
give not only very defective mathematics, 
but give wrong notions about the naLuie 
of rigour, pi oofs, etc. The syllabi and 
methods should lie such as to project at 
least a leasonably cmrcct pictuic of 
mathematics in the minds of the students 

Mathematics has too long been taught 
by rulc-of-thumb methods, It has almost 
been laughL as mechanics is taught to 
an uneducated poison in a motor woik- 
shop. Certain rules aic given to the 
students very often without pioofs 01 with 
‘proofs by intimidation’ or with ‘proofs 
by waving of hands’ or with pioofs listing 
on the authority ol the teacher. 'Flic 
students are expected to apply these ml's 
to numerous examples and they have to 
go on applying these rules till they aie 
completely ‘brainwashed’ and forget then- 
initial objections to the rules. Religious 
teachers or communist preachers may use 
these methods, but these methods should 
certainly not be used by mathematicians. 
The brainwashing is so complete that when 
students are told later that there exist 
fairly decent and useful mathematical 
systems for which ( 1 ) ab-jf ba or (li) (ab)c 
-||-a (be) or (iii) a b=0 does not imply 
a=0 or b - 0 (iv) the sum of angles of 
a triangle need not be equal to two light 
angles, etc,, they are not prepared to 
believe these statements. 

The teaching at secondary sc liool is 
so defective that very often a student has 
to unlearn at the college stage or at the 
research stage whatever he has learnt at 
the school stage, since he has not really 
or correctly learnt it. This unlearning 
is a painful and difficult process. 


Mathematics is a subject in wlmh a 
rescdich wotkei lias to stmt \omig and 
so the slate of the sccniid.us school c mun¬ 
is paituularly important l"> a piim.mh 
intellectual subject like mathematic s 
It is a laet, however, that some ol us who 
have taught the tiacltticni.il mathematic s 
programme led it is a miiacle that m nm¬ 
ol’ out students became niiitlif-iii.itit i.ms 
rcmsideiing the way we taught them. 
Pei haps they became nialheiiiatinans 
m spite ol the present sc.ontlaiy school 
system. 

A lit nf Cuticul F.Mimiiuitiun aj the />*//« r r /./ 
Blanches of Mai hi nnilu \ 

The present high school, liiglin sec on- 
duty .md intermediate syllabi m.n be 
examined in the light ol the .those uitev.a. 

Aiuiiisti ik : Vciyofien a Mudeiil k | rots 
in the high s< liool wliatc-vci be has done 
in class VIII, only lie does moie d llunli 
and more complicated questions 11ns 
shows a certain wastage ol lime. Ibfli- 
enll questions can only lie justified eithci 
if they are realistic m il tln-y sli.itpm the 
intellect A nideal examination of the 
problems in an arillimetir book will show 
that an overwhelming m.ijoiity of the m 
au: arlilieially eteated problems which 
are haully likely to -arise in piuctice As 
for sharpening tin- nitellec t, we have 
much heller and much more nilcnstmg 
topics in malhematies. In fart most 
ot tin- problems refci to life lifts or hun¬ 
dred years ago. Km example some of 
tin; concepts given in stocks ami sh.nr. 
chapter do not occur anywhere in the 
real wotIcl except in Indian aiithmettc 
textbooks. They seldom lelri to irul 
arithmetical problems which at hr m 
our national life, e.g., in planning, in 
constate tioii ol dams, bridges and steel 
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plants A real cffnit lias to be made In 
collect such problems and unhide these 
m our text This will make .u'itlnnetii 
more interesting and also widen the 
general knowledge o( our students 
However, most of the .nithmelir needed 
lor this purpose can be finished by dass 
VIII. 

Some particular comments may be 
made at this stage. 

l, Instead of writing numbers in 
trillions or in Roman numerieals 
(which no body uses now except 
for numbcis up to a hunched) it 
will be far more profitable and 
interesting for a student to do a 
few calculations in the binary, 
octad or duodecimal systems. 
The place value system and the 
importance of zero have to be 
clearly understood. 

ii. 'Practice’ had nevet any use and at 
least with the introduction of 
decimal coinage, weights aiul 
measures, it has become complete¬ 
ly useless. 

iii. ‘Averages’ must be taught in the 
context of descriptive statistics 
only. 

iv. Instead of doing complicated and 
artificial problems on L C.M. and 
G.C M., it would be worthwhile 
to teach the students Euclidean 
algorithm to justify the processes 
involved which at present aic 
assumed to give the result, 

v. All complicated questions on 
‘simplification’ of expressions ‘in¬ 
volving vulgar’ fraction should 
go. Such expressions never arise 
in practice. 
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ruted piohlrm-, hi rvnnpie w *'base a 
huge number of <*pe« aaliv burned * vtmplcs 
in faelon/ution* gnnr.; J.d r ttcpir, :*»u to 
the student tli.il every r\pirsM"ii (.»!; hr 
factori/cd. He is Miipirrd si hr Inals 
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tlie numbei 0 ! the exptrsMojr whnh t.ni 
lie so f.irtnrised is .1 negligible hatta-ii of 
the total imiubei ol possible* rxp-r .so 
tlnil one should be suipusrd when one 
comes auoss u (atUm/able «»pirssmn. 
The same teitutkis apply to II.Ci and 
L.G.M., etc. In hut tune spent on high 
school nlgelna tail lie e.euh mimed by 
at least fifty per tent. In mlnturdiatr 
algehrtt, quadratie equations base to be 
retained, though the only topics width 
are of interest ,ne the volution ol quadtalir 
ctpialion, the nalme nlTonis and the sign 
of a quadratic expression lot 1 e. 1 l values 
of x. I 11 fart some grnrr.tl theoty of 
quadratie hums can he done in the same 
time. Formulae for the Mini of A.P., 
G.P., etc. should he leiained. hot the n 
arithmciie means, n geomrun means, 
harmonic means have to go, 1 hey have 
absolutely no use whatsoever and wr spend 
so much time in solving complicated pro¬ 
blems on the same. Permutation and 
combination problems air hemming more 
and more important, hut here too examples 
should he drawn from more recent 
applications like sequencing theory. 
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Binomial theorem is of course useful and 
has to be studied. Thus in intermediate 
algebra, the time saved would be of the 
older of twenty-five per cent only. 

Geometry : Here perhaps a most 
drastic revolution is called for. One 
might even support Pi of. Dieudonnes 
slogan ‘Euclid must go’. Euclids geo- 
mctiy is a beautiful but logically imper¬ 
fect example of axio-methods. We have 
bcttci and moie logically perfect axio¬ 
matic systems in authmctic, algebra and 
gcomctiy and these must be taught. We 
spend a good deal of time on theorems 
and construction of triangles under 
vaiious conditions Ti iangles arc beauti¬ 
ful figures but there arc moie beautiful 
figures in mathematics. The time spent 
on triangles and quadrilaterals is out of all 
proportion to their importance. Most 
of the theorems on circles can be more 
usefully proved by co-oichnatc gcomctiy 
The useful part of Euclidean geometry 
can be easily done in at most twenty-live 
per cent of the time that is devoted to it at 
present. 

Trigonometry : Here again we can have 
a useful slogan ‘Trigonometry as a sepa¬ 
rate discipline must go’. Part of it can 
be usefully absorbed in algebra courses and 
part of it in calculus courses. Trigono¬ 
metry was introduced m the west three 
hundred ycais ago when almost every 
college graduate became a sea captain 
or a surveyor. A sea captain needed it 
Tor navigation, a surveyor needed it for 
surveying new continents. We have 
more powerful methods based on radar 
and electionic devices for navigation, 
and suiveying is out of fashion even in 
technical institutes. We again spend so 
much time with the triangle here. We 
do complicated pioblcms in solution and 


cii cumseubcd ciiclcs, ti igonometric identi¬ 
ties when the sum of angles is two right 
angles and so on. It is all unnecessary. 
In all tins wo foigct the important ioIc 
of periodicity of tiigonnmcUical functions 
of multiples and submultiples of angles. 
Hyperbolic functions can be studied as 
pait of calculus. Again uheicvcr it is 
done, the total time devoted to it should 
not exceed twenty-five per rent of the 
time devoted to it now. 

Co-ordinate Geometry : This is a useful 
branch and the properties of conics which 
weie useful in astronomy arc now useful 
in discussing satellite mbits. Even here 
complicated problems can be usefully 
diopped and a unified course of 
co-ordinate geometry ancl calculus can 
be and lias been developed. 

Calculus : This is again a useful course 
and in fact part of Lhe time saved Horn 
other couiscs can he used in stieng- 
thening this course,. At least in an 
intermediate course 01 a 12-year secondary 
com sc, a fiist course in calculus must be 
completed at this stage. Even licic 
considerable savings can be effected by 
1 educing drilling in dilfcientiations which 
is involved in study of certain topics such 
as evaluation of indeterminate forms, 
curvature, etc., which as taught today 
aie nothing but examples of differentiation, 
Similar examples can lie seen to occur in 
integral calculus. In addition we should 
not only draw illustrations from differential 
geometry, but also fiom so many other 
fields where calculus is applied. 

Mechanics : This is intended to serve 
as an important example of applied 
mathematics; but what do we do here ? 
We repeat the principles taught to the 
student in his physics couise and do only 
more complicated problems most of 
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which aic again romplelds uitihual. Me 
repeat the same romse again in H.Si. ami 
do still more arlilnial and still mine (im¬ 
plicated pioblcms It is open to <|uesi!iin 
whether out students gel some teal lespn t 
for the power of maihemnlits In study mu 
this course Wc ran teach a uunc icalis- 
tic and mote respectable emuse tm ap¬ 
plied mathenvaties hy chawing illusti minus 
from lineai piogrunnning, rroiininu 
models, biological sciences, pmhahililv and 
statistics and those topics in ninhaniis 
not usually taught in pin sics Stum- 
topics like ecu tie of gruvits, <entir nl 
pressuic and moments of meitia can lu 
included m intcgial calculus conisc, ollieis 
like simple haimonic, motion, projet tiles, 
cential oihits can he intituled as illustra¬ 
tions of solutions of oicUnary differential 
equations. Mechanics as a separate 
course can go. 

Genet al Remark i 

It will be obvious fiom the above dist «- 
ssion that as much as fifty per cent of time 
can be saved by a judicious selection 
fiom the piescnl courses and lives time can 
be usefully utilbed for introducing new 
topics discussed in the next section. 

It will be useful exercise, for a profes¬ 
sional teacher of school or college mathe¬ 
matics to find for himself how much of 
each of the subyects above satisfy each 
of the criteria. The same exercise can 
be repeated fot the, courses discussed in 
the next section. 

A still more useful exercise will be to 
make suitable combination from courses 
given above and those given in next 
section to satisfy each of the criteria 
separately and also in various combinations. 

To introduce new topics in a syllabus 
does not require as much courage as is 
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Advauum* li'tutir>' «*! tn.it- 1 «■ ,d 
irseaieh .mil m< re.t urn i.tfr <( .ippbi.t* 
tions uf matlmiuin s make jt .nquatnc 
that Mime .it least nl the pdlnvoin; tupm 
Imtl a plate in the *tho<<| imiuuhmi 
Ill laet must nl these ll.ltr 1 'frit Ht !l"i)tl« rd 
m new expelimentui pi mu amine. >u the 
l.’.S.A. and mi llie whole i).» u ,j,ti..bu>- 
tion hits heen entluiM'iifalls mmril 
hv students and leadin', ahki 

■S ft Ilinny • This should base a imn- 
fold purpose: 

1. intmduct* Students |n silt h symbols 
as (- (belonging In., I" mnnn , 
(intersection hr— inclusion til' 
plies),1 negation „ 3 time exists,i 
<=*>■ (if and only il •/ mill set . A 
(eoiijuelinti or and , V dts|uiu (ion 
or or) etc. The symbols will gisr 
new look to srlmttl lunlhriuntns. 
Moreover these symlwik irpmciit 
concepts that bung tlatity and 
conciseness to thinking ami nuke 
compact the nmilienuth al uleas 
in a nice way. 

ii, introduce students to the concepts 
of logic, 
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in lntinduce In a system m winch 
they come .muss new laws like 

1'i'ii‘k a ;i- -a, fa I l>) C.i i v) -- 

a-|-l>r, a-| ah a etc. The c\- 

pciicnrr is hound to luive a Uhci.it- 
iug induenec oil llieit minds ,md 
hiing to their notic e the unpm lane e 
ol eoimnutative and ch.sti iliume 
laws and existence of idenliu ele¬ 
ments 

iv introduce the student to Boolean 
algebia and switching algebra d 
time pci nuts. Boolean alge.hi a can 
pi ovule a nice example of an 
axiomatic system and switching 
algebia can pi ovule an elemental y 
example ol' applied mathematics 

jsmnbci Systems And Algelnaic Stinctuirs 

The study ol' various number systems, 
noting for each system, the pioprities 
which constitute the properties of a gioup, 
ring, integral domain and held is bound 
to be an enriching experience. The 
ccpiivalcnee and oulei relations can he 
introduced at this stage and vat ions 
algebraic structures can he. defined. By 
giving a large uumbci of examples o( each 
structures, the power of the abstract 
method can be focussed on the mind of the 
student. 

Matncei And Lineal Algebia 

Determinants and matrices up to oidei 
3x3 can be introduced m a unified fashion. 
Matrices have- so many applications in so 
many fields that it is desirable that these 
are introduced to the students at the: S.S 
stage. The solution of a system of lmeai 
equations which is clone even now will 
become moie meaningful with the intro¬ 
duction ol matrices Some prisons even 
suggest the introduction ol vector spares 
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contending th.it the- study of two 
ihmrnsKiual \cctcn spaces can i (‘place 
a good deal of Kuc lidean gcomcliy The 
throiy ol vectcas, lmeai algebia and pails 
ol gecimeliy (synthetic m analytic ) ate 
essentially (luce dilleienl ways ol rxpirss- 
nig the same malhemalic al laet. 
The ihcniv ol complex nnmheis piovides 
a lom lli iulei pi etation 1m plane geometry. 
All these points ol view should lie pirsrntcd 
to the stuclrni m a mulled fashion. 

Piiibability and Sinitsinnl InJtU'iiu 

In some seeondaiv school cmuscs study 
of descliptive statistics such as Iiecpieiiey 
chstrihutiun, luslogiam, mean, median 
and standard dcvuilum lias been mtro- 
duced, hut this is not enough, since the 
object of this course should he to teach 
inductive iiifeicuce about the nature 
of the population 1mm dial ol the 
sample For ibis, the course can consist 
of classical probability theorems, bino¬ 
mial and Poisson distuhulicms, principles 
of testing of hypotheses, sequential and 
non-pai amoti it tests. This should he a 
compulsoty com.se fen those going to 
universities for social and biological 
sciences and not intending to take further 
mathematics anuses there. 

An Alternative (ioni.se nil Ap/ilud Mathematics 

Most of the applications ol mathematics 
to physics require the use of dideiential 
equations and cannot be given at this 
stage, hut a muuhri ol recent applications 
belong to the- combinatorial and disc tele 
domains and require only elementary 
calculus and can be given at tins stage. 
These icier to the holds ol economics, 
biology, operations leseareh and deci¬ 
sion making processes The course can 
include lineai ptogranmiing with two 
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variables, simple, inventory model'-,siinph 
economic models and even simple (fuell¬ 
ing pioblems. In fact their is a mb 
variety of applications and the cause 
should be so designed that the prr-irrpusiir 
mathematics docs not exierd the student s 
knowledge of the subject. 

Calculus 

Calculus is already taught in lntn- 
mediatc courses, but its scope lias to be 
considerably widened, ns iudu ated 
earlier. 

GENERAL REMARKS—EYC )1 ATI1 ON < >K 
REV OLU HON 

It is felt that by saving time on classical 
portions all the above topics ran be taught 
in a twelve-year school programme, i.c. in 
a four-year secondary school programme, 
Where there is only a three-year S.S. 
course, a choice out of the new subjects 
has to be made. This lias obviously to 
depend on local conditions and on the 
future interest of the students to whom 
this course has to be taught. 

It is agreed that the present school 
teachers cannot teach this course, for 
almost none of them studied these courses 
in their college days. A huge programme 
of in-service training of teachers costing 
about ten to twenty crorc of rupees has 
to be undertaken if this programme is 
to be implemented. This programme is 
outlined in a later section. 

There can be two methods of bringing 
about this change. In the evolutionary 
process, we go on giving up gradually 
some topics in the older syllabi and go on 
introducing some new topics and at the 
same time go on changing our emphasis. 
In. the revolutionary process, the present 
syllabus is wholly replaced by a new 
integrated syllabus. The second method 
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of bundled <U ninw i m, pS'U'- *<» and 
of lints In lilts tl imii .5nd !'-.!>hen 

and .uhniiU 'U.ibu« t He *'■• ••• r uuv 
have important le- "it tut i '■ 

Tlie sci iniMirsN Willi wbi«b lie l.N.A. 
lias l.ikeu up (ins h ijiMn duUts i an lie 
judged limn the l.u l dial lia National 
Srietu r foundation ,\Sl ha’* • r-uiri* 
buied more than >1 utUhmt duilor e»|Ut> 
valent to about two units m supers io 
the School Matlicinam s Studs t»mup 
(S.M.S.G.) fm (hr drvrloj incut >4 '•ample 
textbooks. Besides a muiibu of other 
foundations and muveisttirs have also 
spent considerable Minis on dir develop¬ 
ment of alternative textliM kw A still 
huger amount .about ‘ill ii**ies •<! topers 
by NSF altmej has been spent on a l.ngc 
number ol Summer Institutes for set ondary 
school teachers of m.tdutuntn s. A large 
numliei of top utmusitv ptulrssttrs 
have .spent eonstdetabh* titne and 
energy in giving lectures in die Summer 
Institutes and in the svtitntg <4 the sample 
textbooks. The <ump;u«itivr rjlmt in 
our country, even eumidn iug tbe luek» 
ward economy ol our country lias been 
completely negligible. 
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Summer Institutes of Mathematic ,i 

More than thirty thousand teaeheis of 
S.S. Mathematics have been trained in 
the new piogiammes at Summer Insti¬ 
tutes of periods ranging from fmu to 
eight weeks. The teachers have been 
amply compensated for then loss of 
vacations, 

Picpaialton of Model Textbooks 

The most extensive effort in this direc¬ 
tion has been made by the School Mathe¬ 
matics Study Group (SMSG) with the 
financial support of the National Science 
Foundation (NSF). A joint team ol 
about a bundled university mathemati¬ 
cians and a hundred school teachers 
wrote these books for classes 7 to 12, Each 
book is accompanied by continental y 
lor the teacher giving him a comprehen¬ 
sive background for the textbook. These 
books have been tried with more than 
100,01)0 students. The iructions of stu¬ 
dents and teachers have been examined 
in detail and the books are levised in 
the light of these i factions. The books 
have been written and i e-wntten a numbci 
of times and now they are given to 
commcicial publishers for being pi in led 
in their final form. Sample textbooks 
have also been picpared by University ol 
Illinois Curriculum Sludv m Mathematics 
(UIC1SM), University of Maryland 
Mathematics Project (UMMaP), Boston 
College Mathematics Institute, Ball State 
Teaelnux College Experimental Pro¬ 
gramme, University of Southern Illinois 
and othets. 

Teaching Aids 

A number of states run regular weekly 
or biweekly television programmes on 


such comses as ‘Contemporary Mathe¬ 
matics’. ‘Language ol Mathematics’, 
etc. Progiamines have been given both 
for tcaeheis and students New York 
Slate has made kinescope recordings of 
a lull year televised course of B9 half- 
hour Iodines in Modern Mathematics 
and it telecasts them fiom different cen¬ 
tres, The 1G nun films arc shown to various 
groups of teachers who discuss these. 
The Minnesota National Laboratory has 
prepared 210 hall-hour films ‘Films for 
Mathematics Teachers’. These give a 
scries of dcmonstialion lessons using the 
S.M.S.G materials for each of the grades 
7-12. 

CONTRIBUTIONS OF PROFESSIONAL 
OU(! ANIZATIONS AND GOVERN MEN'l 
ADEN VIES 

The National Council of Teaihen oj 
Malhannlus (NCTM) works for the general 
piofessional improvement of teachers 
through confci cnees and through its 
journals, The Mathematics Teacher and The 
Aiithmetic Tcachcu It also publishes year¬ 
books and supplementary publications for 
specified needs. Its sub-commiltccs have 
studied problems likcpiofcssionalstandaids, 
l elutions with industry, mathematics for 
the slow learner, mathematics for academi¬ 
cally gifted pupils, films for mathematics, 
nature of mathematical thought for 
secondary school students, place for 
mathematic s in a changing society, etc.. 

'Flic Mathematical Association of 
America (MAA) contiibutcs lluough the 
section on Mathematical Education Notes 
in the American Mathematical Monthly 
and through the advice of its Committee 
on Undergraduate Programme in Mathe¬ 
matics (ClUPM) for pre-service training 
of mathematics teachers. 
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The National Science Foundation (NS1') 
makes financial grants to the srieniiii* 
community, primal ily to colleges arid 
universities, m suppoit oi proguunmcs 
designed to impiovc mallicmatics edtna- 
tion. Among these arc summei, ata- 
demic year and in-sci vice institutes, 
SMSG films, etc. 

The National Acwnaulics and Spate Admi- 
msliation [NASA) supplies to mathematics 
teachers publications suggesting up-to- 
date and exciting applications of mathe¬ 
matics that they arc teaching 

The Confeience Bnaid of Alai hemal n a! 
Sciences (GBMS). Fmumfoi Mathematical 
Education serves as a channel of commu¬ 
nication on pioblcins anti suggestions for 
then solutions. 

College Enhance Examination Boaul Commis¬ 
sion on Mathematics lcguhuly suggests 
revisions of secondary school syllabi I'm 
college-bound students. 

US Office oj Education (UKOK) contri¬ 
butes to in-scrvice education through 
grants and the services of us officers, 

EFFORTS TO IMPROVE SECONDARY 

SCHOOL MATHEMATICS IN EUROPE 
AND INDIA 

In May 1961, the organization for 
European Economic Co-operation (OEKGj 
published the report of the Royauinont 
Seminar on 'New Thinking in School 
Mathematics’, This seminar was jointly 
sponsored by OEEC and Mathematical 
Association of America with a grant from 
theNSF. The report gives a brief survey 
of mathematical education in West 
European countries and suggestions for 
reform. 

In India several symposia on teaching 
of mathematics have been organized 
from time to time in the conferences of 


the Iml'un Mathnualaal Sm t is and 
the Indian Jv :i mr Coimii . but they 
mil 1 pmrk aiadriini d.o n-,„,no and 
lel.ited mostly to lollege and innx > i dly 
iiialheinatii s. In i'*>d„ a "•aiij„mtii 
spe< dually on tea« hm • ol m idu matin 
m schools was held multi tin an |c<r. of 
the Calcutta Malhi main a! Sn> ,t i\. 

In Ecitiu.uv I 1 * 1 * 1 , a South Auau Cun- 
lerenre on Mathematical I dm alum was 
lit Id at the lata Institute ol I m ii.ucieitLtl 
Research, Hoinlcax. 1 he Hjoit oi it* 
sttli-imnmittee lot school m tibemaiics 
li tominemleil miu’tlm Lou ol >*,1(5 uro- 
metry, elementaly i.ihulu> ,md 'laiklies 
in sei nndai y si hook 

In May l‘>ht) ami 1‘itd . the Matin made* 
.Seminar nl 1 felhi Ciiivtt Hi m <u-ojna. 
ti*in with ilir Duet |oi, ite ol [dmaiam, 
Delhi, organ/'d tlun-dn cm nuts uf 
seiondary si hool iraikai- o! Dc Slsc sxltcrr 
some ol die ideas initiator d in tin* i>|nr( 
were pie>enud and dean aii, 

The lust pr.ti tieal slip was lakrn 
in the oiganiz ition ol die Ki t .Summer 
Institute id Mtiihi nialit s ,>i Rauijat 
College. Delhi tn Max I'Ht'i. 1 has wax 
jointly spousmed by the National I Mm ei! 
oI Kdiiealiiml Keseaiih ai d Ita iits g and 
the Univeisitv (uauts Commission in 
collaboration with the Teas I mu, College, 
Cohtmliia I’nixetsUy ami l S-AII) 
It nas the lust expo.men! ol its kind 
in which teachers hoin m hook, colleges 
and universities made a tomnird and 
(omhined rU'oit to mu,rut the mu i c isluni 
ami teaching methods, Ihiiix-loUl 
secondary school teacher, tom ,jf| ,,vcr 
India pavtii ipated. l.eitmcs xierr 
delivered on Set t hem v, Algrluau Siruc- 
tures, Probability, Satisfies, Boolean 
Algebra, Nature ol Mathematics, Applied 
tions oi Mathematics, etc. Resides, there 
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were gioup discussions on SMSG books 
and review of other ‘enriching materials’ 
books. The Institute, m which the autlun 
had the privilege of active participation, 
created among the participating tcachcis 
a great deal of enthusiasm for modem 
mathematics. It is expected that a 
number of such Institutes will be held 
this summer. 

Anothei important step has been taken 
m that a gioup of expei ts under the 
leadership of Prof. Ram Beliari is engaged 
in writing improved textbooks which are 
likely to form the basic texts for the 
foi thcoming Summer Institutes. Later 
these books will be tiied in a numbei of 
secondary schools all over the counliy 
and the results will be critically evaluted 
to impiovc the textbooks 

SUGGESTIONS FOR IMPLEMENTING THE 
PROGRAMME 

The magnitude of the pro,giamine 
mainly arises from the number of poisons 
involved. Lakhs of secondaiy school 
students and thousands of secondary st liool 
teachers have to be involved. Pot the 
success of the programme, hundreds of 
college and univeisily teachers and edu¬ 
cational administrators have to give their 
wholehearted and enthusiastic co-opera¬ 
tion A gigantic in-sei vice teachers training 
programme has to be undertaken to tiain 
at least one bundled thousand teachers m 
the next ten years or so. Each teacher 
will require training programme lasting 
at least two months for this. A large 
number ol suitable textbooks and teacher’s 
guides have to be written and re-written. 

Since the co-operation of such a vast 
number of persons is necessary there 
should be a strong publicity movement 


for creating a gcncial awareness of the 
necessity lor all these changes. Theie 
is a gieat deal ol complacency all round. 
Theie is a feeling that only teaching 
methods need be impioved In fact the 
tcachcis who galheied foi theliistSummei 
Institute at Delhi did not see the necessity 
of associating univeisily teai hers with die 
Institute. They felt that there should 
lie only hauling college teachers to give 
them demonsti alum lessons for the teaching 
of the picscnl syllabus in the piesent 
spirit. Their attitude however, changed 
in a lew days as the picture of Modern 
Mathcmatics was uniolded before them. 
The feeling that there is a great deal of 
dead-weight in our syllabus and that the 
spirit of the S.S. Mathematics presented 
is quite liu away from that of Modern 
Mathematics was simply not theie 
Improvement m syllabi is meant to imply 
that certain topics should be bodily lifted 
from B.Sc, and Intermediate, syllabi and 
put in Intermediate and High School 
syllabi respectively. This ’change of 
origin' will solve no problem aL all, Theie 
are subjects winch do not even occur in 
the univeisily syllabi or occur at much 
more matui c level, but which are not more 
difficult than our present secondary school 
topics, which correctly reflect the spirit 
of modern mathematics and which have 
simply to be taught at the secondary school 
level because of their tremendous import¬ 
ance to social and physical sciences and to 
technology The awareness of such topics 
is also limited to a small class of persons 
The author of tins report himscll was not 
so forcefully awaic of all these till a few 
years ago 11 Is active association as 

organizing seerctaiy of the six summei 
schools for college tcachcis and the two 
summer seminais for secondary school 
tcachcis held at Delhi and with the iirst 
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summer institute and his association with 
operational research activities in the 
country have made the various issues 
clearer to him. He feels very sliongly 
that a wide publicity to these ideas 
is of the utmost necessity. This can be 
done both by professional organizations 
and government agencies. 

The second great necessity is for sui¬ 
table literature to be made available to 
the secondary school teachers. It will 
take us sometime to prepare our own 
material. In the meantime it would be 
worthwhile for the government to punt 
SMSG books (with permission, of course) 
and make them available free to all schools 
and others who arc likely to benefit by 
their use. Ten thousand sets of these 
books should not cost more than five lakhs 
of rupees and considering that 60 ciores 
of rupees have gone in their preparation 
and that they represent the efforts of so 
many top mathematicians, the expenditure 
is worth incurring. In the meantime we 
should undertake the preparation of our 
own books and reference materials. A 
book suitable for our own needs on each 
of the courses can be prepared within 
a year. 

The third great necessity is for suitable 
in-service training facilities for teachers, 
If we have to train one hundred thousand 
teachers during the next ten years, we 
shall have to train ten thousand per year. 
At least this is the rate at which they are 
training teachers in the U.S.A. This will 
imply a hundred summer institutes even if 
we agree to go to the limit of admitting a 
hundred teachers per institute. Each 
institute will require at least six well-quali¬ 
fied university teachers. Even if the 
government is prepared to spend funds, 


the lequisite inimbei of univetsity to.ichns 
who can teach the subject in the right 
spuit is simply not time. This does not 
mean that we should not have summer 
institutes, Wc should have as many of 
these every ycai as our rcsouiees pcimit, 
but wc should supplement these by other 
means as well. We should < ei tainly 
consider the optimal utilizations ol human 
resources. Availability of funds should 
not be a dominant consideration in such 
an important task. 

Another important point to mncmbei 
is that our teachers are low-paid and 
over-worked. Wc should not expert 
them to take up the responsibility of new 
courses without adequate linaneial and 
academic help. Wc can llnust the res¬ 
ponsibility by intiochiemg changes m 
syllabi and forcing them to teach new 
syllabi, but the teaching will become 
worse, to the gieat harm ol' the rnuiiuy. 
If they devote that time to their studies 
which they spend on tuitions or winch 
they spend in well-earned rest, they should 
be adequately compensated. Even 
in the U.S.A. where teachers are better 
paid and carry less load of teaching, 
this compensation had to lie provided in 
generous measure. We should pay the 
teachers at least an equivalent of the 
salary for the two months period they 
attend a summer institute, 'then they 
need not be. paid their T.A. and I).A. 
The railways should grant them tailway 
concessions and they should not lie fotced 
to travel in first rlass when they nmy not- 
mally he tiavclling in thiid class. The 
boarding arragcmcnls should also be cheap 
for them. 

Since we cannot hold many summer 
institutes, we may allow the teachers to 



SECONDARY SCHOOL MATH EM A TICS 


H 


study at home through correspondence 
couises oi independently and they may 
still be paid then two months salary if 
they can successfully pass in an examina¬ 
tion meant to test whether they have 
grasped the new knowledge. In all 
large cities weekly lectures by university 
lecturers to help m this self-study elfort 
should be arranged. 

The total expenditure may be of the 
order of two or three ciores of rupees pci 
year, but this money has to lie found if 
we want to seriously improve our Secon¬ 
dary School Mathematics and not just 
change it slightly here and there. 

Professional mathematical societies and 
government agencies can co-opcnUe in 
holding a number of scminais and sym¬ 
posia all over the country where the pro¬ 


blems involved in bringing about a 
ievolution m H S. mathematics air lively 
and frankly discussed. Apart limn the 
question of funds, them is bound to be a 
great deal of i esisiauce to change. I.veil 
in the U.S.A. bitter conti ovei sirs raged 
between the truditioii-at-atiy-t<r.t gmup 
and the revohition-al-aii^-eo.t giuup and 
the conferences helped a good deal in 
clarifying the issues and bringing about 
linally agreed solutions. 

An uigent nctessit) at a pioirsstniial 
level is to foim some sort of an mg.mization 
parallel to that of the National (loutuil 
of Mathematics Teachtrs in the 11.S A 
which has done such useful woik mir 
the years. Sin h an assoi ialinu la .airs 
holding of c.onlrieincs ol leaduis, tan 
stmt a journal which tan be a good 
medium for trarhcis. 



Aiound th<’ Reseat eh Lai m.ifr'iirs ni India 

National Chemical Laboratory. Poona 


T HE National Chemical Laboiaton. 
Poona, situated about a mile west t.l 
the Univei sily oi Poona, is on the \\ n\ 
to Pashan village and the National Defcin e 
Academy. The campus has an aiea of 
475 acres, including iesidenti.il quaiieis 
for about 350 families 
The foundation stone of the mam 
building of the Laboratory was laid In 


1 he pttijeer n! tin \,item.si l ininua! 
Labmalms m« 1 abed sn flu es.ti.w,*- half, 
is "in arBaiur ku*»v.htb;e as.tl 5 *, apph 
i heuui al si iein r !>u (In ■ .ij )r 
people.’ 

In lullilmrnl • >1 (ins !«•«,»! .vj„, ninth 
of the unik of the LuIimi.sImi*. s, li.ifiirtl 
lou.nds tlie solution of in him a! jaMtlrim 
ol i heinieai iudusir. ut Iinlia, ntni the* 



The National Chemical Lubmulmv, I’nona 


the late Shu B.G. Khet, Chief Minister 
of Bombay on April 6, 1947. The build¬ 
ing was declared open on January 3, 1950, 
by Shri Jawaharlal Nehru, Prime Minister 
of India. This was the fust Laboiatorv 
to be opened in the chain of National 
Laboratories under the Council of Scienti¬ 
fic and Industrial Research, which now 
number more than 30 

By the courtesy of the Dnector, National Chemical 


development of new imlustu.d «ln ’iiim al 
processes using iaw ni.iteii.il*, availaldr in 
India. 

The programme of the Lalmiaton, >•* at 
piesenl t.urietl out in it*, ten dis imoiin, 
namely, Physical CihemUiis, fnnu'.aiiu 
Chemist!y, Oig.uiii (.liciimtiy, l.ssemial 
Oils, Biochemist!\, Pulxinei t hrnmin, 
Chemical Engineering, Oigaon linn- 

Laboratoiy, Poona. 
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EleLltim DifTi action Camel a I’uieh type moilifinl lo lint 
cathode ,system. 


Development and othci 
Government Depat tments, 
by the specialised know¬ 
ledge, expet tence and 
inlciest of the members of 
its leading staff. Reseat e.li 
schemes ol industrial in¬ 
terest, ate also undertaken 
on behalf of piivale parties 
on easy tcims. 

Research Divnitms 

In Physical Chemistry, 
research is carried out 
on sui Tace chcmislty, solid 
state chemistry, mvstal 
and inolceulai stiuetuic, 
propci ties of thin films and 
nuclear chemistiy. The 
radiation laboiatory, wlueh 
is a pail of the Physical 
Chemistry division, is 
sepat ately housed in a new 
building. In this section, 
investigations ate eairicfl 
out on the effect of t.irli- 
ation on chemical and 


mediate and Dyes, Technical Set vices and 
Engineering Services. These divisions 
arc well-staffed and provided with modern 
equipment and appaiatus requited for 
chemical lcsctuch and piocess devclop- 


physical processes. 

Chemistry of rare elements, chemistiy 
of the solid state, preparation of special 
chemicals, llouime chemistiy, and chlori¬ 
nation of tiiamum-bcanng materials form 
the majoi sub|ects of lcscaich in Inoiganic 


ment. The st lentilic staff numbers more Chemistiy 


than 300 m a total strength of about 800 Oiganic chemical research is mostly 
Many have high distinctions in different concerned with rcscmch m natural pio- 

branciics of chemistiy and in chemical ditcls, synthetic oiganic chemicals, drugs, 

etigineei mg, some are well-known ft r an q UllLura l mid synthetic colouring 

their achievements m ltseaieh and ma ueis. As an extension of its pro- 


technology. gi amine, the division ol Essential Oils is 

In the choice of pioblems to be under- specially oriented for work on essential 

taken, the NCL is guided partly bv the oils, resins and synthetic perfumery ma- 

suggeslions made by die Planning Com- tennis, which includes systematic chemical 

mission, the Depai tmeni of Technical examination of important essential oils, 
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of Indian oiigin and synthesis of valuable 
peifumery principles fiom available law 
mateiials. 

The piogramme of research in Bio¬ 
chemistry compuscs work on biosynthesis 
and metabolism, nuciobiology and 
enzymes. The division has a national 
collection of industrial micro-oiganisms, 
which at piesent maintains the cultures 
of more than 1100 bacteiia, yeasts, lungi 
and other non-pathogcnic organisms. 
These cultures aie available irec ol charge 
to scientific institutions for icscarch \\oik 

In Polymer Chemistry, rcscaich is 
carried out on industrial polymers, 
physico-chemical studies of polymcis, 
surface coatings, lubber and ion exchange 
resins. Both cation-exchangc and anion- 


exchange resins are studied, including tlieii 
preparation lioiu Inclran i.iw materials, 

Selected laboratory investigations ol 
indusliial mteiest, when completed in 
any of the above divisions, aie further 
developed in the form of pilot plant 
experiments in the Divisions of Chemical 
P.ngmeei mg and Organic' Intel mediate 
& Dyes. These pilot plant investigations 
pioviclc complete, data for the design of 
plants of optimum size ami peiftnmanee. 
In addition, the Organic Inlet mediate & 
Dyes division pays special attention to 
modem methods of reactor development, 
chemical thciemodynamii s and applied 
kinetics, and undertakes pilot plant work 
on behalf of the dyestuff and allied 
organic chemical industrks. 



Fig. 1 A synthetic process of the preparation of 4-Uydi oxycournai in 
from phenol tn one step. 
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Services Divisions 


Technical Services include photo¬ 
graphic, photostatic, and microfilming 
service (for scientific documentation), 
dealing with enquiries and assessment of 
commercial possibilities of products and 
processes developed in the NC'.L Inform¬ 
ation as regards the availability and pi ires 
of raw matciials, chemicals, app.ualus, 
machinery, etc., is also maintained for 
ready reference by leseaich woikcrs. 

ThcNCLhas a well-equipped, workshop 
for Engineeinig ,Services, employing nime 
than 150 skilled workers. It is lesponsiblr 
for the fabrication and mamlenamo of 
plants and equipment, and for essential 
services, c.g. power, refrigeration, g.is, 
water, steam, etc. 


A glass blowing seitiou f.duuuus t»o t 
of the special glass apparatus mpuimi l>n 
reseaieh, and has up-to-date f.uilith'. l«u 
grinding and table-woik. 

The Libiary, a key place m the meaul- 
ration, is equipped with ou t Itl.OIKt bool s 
and receives legulailv over ?ti(l |uiiui.il\ 
both Indian and foreign. 

Pajms tint! Pntiiiti 

The eonUtlnitiou made bv the \t‘t *o 
tliennsttv and < h< mil at f« < lir«i!> *o, u, 
India, (lining die last ten Wei. of it’- 
existence, can be pid«>'d bv ovi i tain 
leseaieh pepeis published in ■.< lejiiUn 
journals of iiileuiatioual status and fo«in 
about lf'U iiidnstiial pimeoi, p.m-m-d in 
India Moie than ft) .unon'U (hi aie 
also patent! d m f'oiei i ,n > mutt tit-. 
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Some Processes Released in bullish)' 

Btief mfoimation oil some ol ilir 
projects, successfully completed In NCI, 
and which have been taken over by the 
mdustiy foi commeici.il exploitation, will 
give a general idea ol tile iioik done in 
the NCI. 

Rubber goods aie geneiall> mainline- 
tured by dipping process, liom latex oi 
Irom solid rubber by moulding. '1 lie 
moulding technique involves the use ol 
milling, moulding and vulcanizing equip¬ 
ment, In the manufacluic of eetlain 
rubber products, liquid rubbci is pieferrcd 
to solid rubbei as it can be processed into 
any desned shape without tosllv machi¬ 
nery. A process foi the minulartuio of 
liquid rubber, has been standardized in 
the NCL, and it has been shown that the 
liquid rubbei can be used for casting 
pnnteis idleis and haid lubbei linings. 

In India, tobacco is cultivated on laigo- 
scale m Andhia Piadcsh, Mahai ashti a 
and Gujauit states. Afte .1 cutting the 
leaves, the lest of the tobacco plant and 
the dust obtained during cig.ucUc and 
the bull manufactuie go to waste 
A process has been developed in the 
NCL using this waste as law mateual for 
the preparation of an useful insecticide, 
namely, nicotine sulphate. 

Cellophane-base or textile adhesive 
tapes arc extensively employed m the 
packaging industry An adhesive formu¬ 
lation and the method of manufacture of 
such tapes lias been developed, 

In the manufactuie of metal cans 
requned for the packaging of foodstuffs, 
the metal lid is often fixed on the body of 
the tin by means of a lubber-base gasket, 
called a can-sealing composition. A com¬ 
position developed in the NCL has been 


mud (n lie sulistu* «<n \ .uttl u l ‘tv, m iif; 

nianuf.ictui i <1 in die > minti ■ 

f'se of ion e\< battue i < .if u - v ,U< i 
Milieu ill'.; is iimv. pi a* It ill m in ue. im3m- 
tiirs in India A pm. m J-n the mum- 
lecture ol i alum cm hunm- ihi- 5«n the. 
pm post* limn tj'luw nut -lull lumul v,as 
i anted out on .i pilot plan! *■< ,dr ami .• 
mm being c uiiimcii nilh pmdwrd A 
pincess lol the ill.Illlll.1« (ilir «*9 pn|- .lorlti 
cation cm li.unje h-sjii b.t. also Ivin 
lHe.ised to lmlnstr i 

In textile mdusiii. oi (in 

lubiic is ncirssuis la-fine n sulm i led l<> 
clvcing and piiuMitg opriution-, An 
en/inie, i ailed ‘Inuleiial ihastuM-', m 
emplnyd l<n tins pm pose wliuli dm . lint 
weakt-n the .sticngtlt ol llie f.dun dm my 
desizing opeiutinn. In tin- N( 1.. an 
cll'eitiie bai terial tliasia*'- has be< n 
pinduct-d In submei "eil fi-iiiu im.'Iioii, 
using cheap taw lu.Ucu.ds Ida- mnnudnul 
cuke ami wheat litau end (lie 
released to induslii At pn-eni ilu 
ie(|tiiieinent oftliaslase is met In iiiuioik 

l-hi(hnxy< munarin is an unpoit.mi 
inlet mediate in the niaintiai tut e ol some 
anticoagulant chugs, aitcl model n loilenti- 
cade (Wat fat in, Sinn cun, ett, , A new 
and simple pint ess flu the ui.timl.n tilt e o| 
this ke\ inlerniethatt lies lieen tlen loped 
at the NCIL ami the sviitlu tn dines based 
on tile same ate b: ing piepam! In the 
iudusln. Mam othei siiiihctfi dint's 
sueli as dielhilstilbi-stei ol, lu-xxhesoi< uml. 
etc , have also hern piepaml and the 
piocesscs are being leased nut 

A vegetable wax. baling computable 
eomposition and pmpeiiies m miptuUd 
camauba wax, has been made In an 
economical pun ess in the NCI, 1mm 
wastes ol sisal plant pl-pijv mulithi-. i he 
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sisal wax \\ ill lie useful foi the manufac tin e 
of polishing compositions loi leathei and 
metal and fm the manul.ietiue ol cruhon 
papas 

Extensive pilot plant work has been 
earned out foi more complex pi oi esses 
such as the synthesis of vitamin C fiom 
sin Into], layon guide pulp, ehenni als 
Jiom ethylene and methane, eti 


The piogiammc ol the i\'( 'I, is wide in 
its siope and supplements established 
tei hnologies sin h as leathei, glass, salt 
luel, metal, lood, ding, eti . It enjoss 
today a place of dislmc lion among the 
icseaieh institutes on i heiiiistry and 
chemical technology, not onlv in 
India, hut in the si lentilu map of the 
w 01 Id. 



Acharya Jagadish Chandra Bose— 
His Life and Work (1858-1937)* 


D.S. Kolhari 

Chaiman , University Grants Cam minion , New Delhi, 


A CHARYA Jagadish Ghanclia Bose 
occupies a high, almost unique, place 
in the recent histoiy of Indian science, He 
was an investigator of uncommon courage, 
resourcefulness and dedication. Bose’s 
scientific work broadly falls under three 
periods. From 1894 to 1899 he was 
almost entirely concerned with the study of 
electric waves; between 1899 and 1902 he 
shifted from the physical to the biophysi¬ 
cal field, ancl beyond 1903 he was occupied 
with the study of plant-responses unclci 
physical stimuli of various types. For 
these studies he developed and constructed 
his own instruments which weie remark¬ 
able for their originality and extreme 
sensitivity. Bose founded the Bose Insti¬ 
tute in Calcutta in 1917 He continued 
to be the Director of the Institute till his 
death in 1937. Bose visited Europe many 
times, and America twice, on lecture touis. 
He was elected a Fellow of the Royal 
Society in 1920, and Corresponding 
Member of the Academy of Sciences, 
Vienna, in 1929. He was the General 
President of the Indian Science Congress 
in 1927. He served on the Council for 
Intellectual Co-operation of League of 
Nations from 1926 to 1930. 

***** 
Bose was born on November 30, 1858, 
in the town of Mymensmgh in East Bengal. 


(His fathci, Bhaguan Chandra Hose, was 
at the time Deputy Magistuito of the 
place ) He died on November 23, 1937, 
at the age of 79 yeais. (11c was Mil vived 
by Ills wife Mis, Abala Bose, She was 
the daughter of Mr. Durga Mohan Das, 
a leading advocate of the CalentU High 
Court.) He received his piimaiy edu¬ 
cation at the local school at Faviclpiu : 
his fathci did not send lmn to the English 
school whhh was there in the same town, 
Later, he joined the Si, Xavier’s School in 
Calcutta, and the College, fmm which 
he graduated at the age of 20. Hr subse¬ 
quently went to England and joined the 
London University to study medicine. 
He attended some lcetmcs by the famous 
zoologist, Ray La nr as lei. Due partly to 
reasons of health, he left Loudon to join 
the Clhnst College at Camlnidge. He 
studied for the Natural Science Tiipos, 
and attended lectures, amongst otheis, by 
Lord Rayleigh (Physics). He took the 
Tripos (Camlnidge) and B.Sc. (London) 
m 1884. On his return fiom England he 
was appointed Professor of Physics in the 
Presidency College, Calcutta, in spite of 
serious opposition fiom the then Edu¬ 
cation Department. Bose had to do as 
much as 26 hours of lecture and demons¬ 
tration per week. (This was much more 
than what was noimal for his British 


*Reprmted fiom Proc. ml. Inst. Sci, India , 24 A (6) • 441-45, 1958 
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colleagues in the same college) He 
retired fiom the college in 1915 

It was probably at the age of about 35 
that Bose seiiously made up Ins mind to 
dedicate himself completely to the pursuit 
of science and scientific lescaich. No 
giant at the time was available to linn for 
research work. The laboratoiy in the 
Presidency College, Calcutta, was poorly 
equipped and sometimes Bose had to 
construct his appaiatus fiom his own 
personal lesources. It was several yeais 
later that the Government sanctioned for 
his work in the college an yearly giant of 
Rs, 2,500. Bose’s eailiest lcscarch work 
was concerned with electric waves and 
their interaction with matter. Electric 
waves were fust produced in the labora¬ 
tory by Heinrich Hertz in 1888 in Ins 
epochal experiments. The existence of 
these waves had been predicted by Max¬ 
well about 20 years earlier on the basis of 
his extremely far-reaching and extraordi¬ 
narily fruitful (as later work showed) 
electro-magnetic theory. It has been 
sometimes said that Bose was led to the 
study of electric waves, after reading a 
paper by Sir Oliver Lodge on ‘Heinrich 
Hertz and his Successors’ (1894). From 
the very beginning Bose’s remarkable 
physical insight, and Ins superb ingenuity 
and i esourccfulness in experimentation 
were apparent He succeeded m generat¬ 
ing waves of wave-lengths much smaller 
than what Hertz and others had done. 
He produced waves of about half-a-centi- 
metre in wave-length. Because ol this lie 
was able to investigate in considerable 
detail the ‘optical’ properties of electric 
waves, such as lefraclion, polarization and 
double refraction. ,He determined' the 
refractive indices of matins .substances and 
also investigated the influence on total 


ldlertion of the tlurkncss uf the nil-gap 
between two dielectric slabs. In the paper 
published m the Pintcrrltni;v uf ihr Royal 
Sanity m Noveinliei, he absolved: 

‘It is seen liom the alms e, that as the thi< k- 
ness of the an-space was giadualh in- 
< reasetl, the lellei ted i mnpoiieni mi leased, 
while the tiaiismitted pmtinu (let leased. 
Minimum thickness Ibi total lellct tiou was 
found to lie fl mm ’ He also verified that 
the thickness of the un-gap, tin which total 
reflection disappeared, mei eased with the 
wave-length. It mas be mentioned that 
Bose’s fust paper entitled‘On l’ol.u i/atiun 
of Elect lie Waves b\ Double Kcfivu ling 
Crystals’ (he tiled bets I, loeksalt, etc.; 
was published in May, lH'Ci, in the 
Journal of llir A\iahc Snarl)' of Ihnual 
In 1897 Bose gave a let tuio at the famed 
Royal Institution, London It is inletest- 
mg (and also insli active) to ret all that the 
demonstiatiniY apparatus exhibited at the 
lectuie, which in piesent-dav tmuinn- 
logy may be described as a (simple) 
microwave spectrometer complete with 
uansmiucr and reeciver (impioved type 
of cohcier), was eonstmeted in Galiutla 
and taken by Bose with him to London, 
The ouginalily and simplicity of the 
apparatus employed by Bose in his expeii- 
ments were most remaikable. For 
instance, he demonstrated the pnlaiiAUion 
of eleclnc waves by the simple device of 
‘intci leaving the pages of a Bradshaw 
laihvay time table with sheets ol tin foil’. 
Again, to eliminate the undesirable 
reflections of elec trio waves in tubes 
employed to guide them (as in the case 
of spcctiometer), lie tried many dilferent 
coatings-~m other words, he was searching 
for an absorber of microwaves, lie found 
that blotting-paper dipped in eleciiolylc 
gave the best results. ‘Bose, in India 
between 1895-97, used hollow tubes of 
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either circulai ot square section as wave¬ 
guides and waveguide radiatois on wave¬ 
lengths between 5 mm. and 2 5 cm. His 
adoption of hollow tubes was probably 
based on the use of metal tubes in tele¬ 
scopes and mieioscope.s.’* Bose also 
employed conical horns—he called them 
collecting funnels—foi com filtrating the 
waves on the detectois lie studied the 
i citation ol’ the plane of polai lzalion, and 
found that a bundle ol twisted jute fibres- 
gave right or left-handed lotation depend¬ 
ing on the right or left-handed twist of the 
fibres. This constituted a ‘laige-scalc oi 
macro demonstration’ of the optical 
phenomenon of the lotation of the plane of 
polarization. 

For the detector, Bose used the coherer 
discovcied by Bianly and Lodge. lie 
made ronsidciablc improvements, paiti- 
cularly in sensitivity and reliability. lie 
also cxpci lrnented with the poml-c.onlact- 
type detectot consisting of a metal wire in 
contact with a metal plate ot serni-e.on- 
ducting crystal. In the case of most sub¬ 
stances, the resistance falls when the 
detector is exposed to clee.li ic waves but 
there is also a lise of resistance for some 
substances such as lead pei oxide, and 
potassium. Bose lound that in the ease 
of galena ciystal the detector was not only 
sensitive to elcctiic waves hilt also to light 
ladiation extending fiom nifra-ied to 
violet. I-Icrc, lie was obviously dealing 
■with what later came to be recognized 
as photovoltaic effect. Those expei i- 
ments dealing with the vai iatious in 
contact resistances under the influence, of 
electuc waves— pailicularly the malic 
behaviour of the system in many cases-- 

* IF. Ramsav, ‘Microwave Antri 
Feb , 1958. 

**D. M. Bcse, Jagachsh Chanclia 
(1958; p 215. 


Im ought to Bose's mind the phenomenon 
of clcctiic i espouse in animal musrles when 
subjeeled to stimuli ‘Bose eut|uiii'S 
whether morgana models iu.i\ not also 
be devised which will satisfy this < i itei ton. 
In tins way he was able to eonsli m t niiuli Is 
m which met lianit til and light stimuli 
produce elet tneal responses. 1 lie 
proportionality wltitli exists between in¬ 
tensity of stimulation and circuital 
response, the gradual appeal .line ol 
fatigue m response uftci icpeatrd stiimi- 
laliou, front which the system trmvris 
after it is given sullitient test, die mu case 
of response on liealmenl with one set ol 
chemicals and its inhibition b\ aiiothei 
set, aie similar to wh.H on ms in liwii", 
tissues. We shall desnihe beie only one 
of his models: it is made of two wars ol 
putt: tin, whose lower ends me clamped 
to an ebonite blotk, the nppri unis pass 
through an ebonite (list, and an- joined 
through binding sc lews to tin- two 
tnminals ol a sensitise gahanoiiietr i. 
Tlu: aiiangrment Ills into a tylindin.d 
glass vessel, lilletl with distilled or tap 
walet. On giving one of the tin win s a 
shatp twist, an rlertur emient Hows limn 
the wne through the galvanomrtet s\ stein. 
The amplitude of response is enh.utt ed 
when a small quantity of sodium hie.nhu- 
nale is added to the distilled watei: mi the 
other hand, if oxalic arid is added to the 
water the iespouse is abolished. Many 
ol tin- elfeets ohseived in .uum.d tissues 
uudtu stumilalimi, viz., ol the opposite 
elfeets ol small and huge doses of a chemi¬ 
cal poison, etc, could he obtained with 
this model or Hose.'** Mention line may 
also he made ol the inletesimg analogy 


'mrMt r?!nfTW"CF hwcitw 

[Bose: LllBiliA(RYiti'&nl QjtlUMMJ t,u>, 

Unit (N.C.E.R.T) 


f J.U.k , 
wz, 2-1,5 
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between the excitation of nerve and the 
passivity of iron dipped in stiong nilnc 
acid This was investigated in gieal 
detail by Lillie (1920-36) and lalci by 
Bonhoeffer.j The fust suggestion came 
from W. Ostwald m 1901. Another 
interesting model is due to Bredig 
(1903-1908) in which the oscillations of a 
mercury diop placed in a hydrogen 
peroxide solution appear (outwardly) to 
resemble the rhythmic pulsations of an 
animal heai t. 

These investigations gradually led Bose 
to the formulation of his fundamental 
concept (and m this context it is lelevanl 
to call attention to his early naming in 
physiology and medicine) that basically 
the response, under stimulus, in the non¬ 
living (e.g. metal) and the living (e.g, 
animal muscle) is of the same nature, 
though they differ in their level of com¬ 
plexity. Fiom about 1903 onwaicls Bose 
investigated with great ingenuity, vigour 
and perseverance the response phenomena 
in plants when exposed to various kinds 
of stimuli, e.g mechanical, electrical and 
chemical, and also light radiation. He 
regarded that the response phenomena in 
plants lie between those exhibited in 
inorganic matter and in animals. He 
developed and constructed in his own 
laboratory special instruments for the 
purpose of measuring almost evciy type 
of plant lesponse. The rate of growth of 
plants is, crudely speaking, of the older of 
0.1—0 01 mm. per minute, and to 
measure that he constructed many instru¬ 
ments which he named Ciescographs ( eves - 
cere • to grow). The high-magnification 
crescograph consisted of a combination of 
levers (in some cases mechanical and 


optical! giving a li agnihi .ilinii of about 
10,000 Tin- magnetic uru 'graph, in 
which the small displat ciueul of a magnet 
caused a huge d< flci Hon in a Malic magne¬ 
tic system, pioduced a mugiuht alion of 
mine than a million, llose also clevi loped 
soveial tv pcs of automatic icctmleis in 
whitli fmtion between the leioitling pan 
and the wining plate was eliminated by 
eitliei viln atm,g tin- plate or the stylus. 
He constructed an instalment to rmud 
the libeiation of oxygen riming photo¬ 
synthesis in plants. He also studied the 
variations, as a it suit of stimulations, in 
the electrical resistant e of plant tissue. 
He was the. fust to use elet me piolus for 
the localization of atliveh metabolizing 
layers in plants. 

Hose’s plant woik was kugch tallied 
ont with the Mimosa plant anti with 
Dcmoclium gynms (lelogiapli plant, the 
Indian name is bon chitrtil i . He studied 
even such things ns the ellt c l of load 
(placed on the leaf) on i espouse to stimu¬ 
lus. For instance, lie ubsetves: ‘The 
effect of load on the i espouse of Mimtnu is 
similar to that on the contiat.tile response 
of muscle. With increasing haul the 
height of response mulct goes a pingicssivc 
diminution with shortening of pciiod of 
recoveiy Witlun limits, the amount of 
work peifinmed by a must le incicuses 
with load. The same is Hue of the work 
perfotmed by the pulvinus of Mimosa,' 
In the case of Dniiwdiumgyi/ws he ohsetved 
that the. detached leaflet continued to show 
lliyihmic pulsations, the peiiotl being ol 
the order of Lwu minutes. The pulsation 
occuis between the teinpeiatuie of about 
17°G. and 45°C. The pulsation is alfected 
by chemical reagents and electric stimuli. 


t R. R. Bonhoeffer, ‘On the Passivity of Iron’. Corrosion, II (1955). Sec also R I-’iilt, ‘Physics of 
Nerve Processes’, Reports on Progress m Physics, XXX. (1958), P- J12, 
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Bose also investigated the problem of the 
ascent of sap in plants. lie thought, 
contrary to the generally accepted view 
then and now, that this is bi ought about 
by peristaltic activity of the innei cot Inal 
cells in the plant stem, somewhat analogous 
to the activity of the animal heart. 

«k * * 4 * 

It may be observed that one of the 
most far-reaching concepts winch has 
emerged from the biological and physiolo¬ 
gical researches during the present cen¬ 
tury is that all vital processes in living 
oigamsms can be (completely) understood 
in terms of physical and chemical laws 
governing material phenomena. (It ap¬ 
pears—some think it is ceitain that this 
is not likely to be the ease in the icalm of 
phenomena concerning the mind ) To¬ 
wards this realization Bose made a 
pioneering and vciy important c.ontiilla¬ 
tion, In one of the papeis iciul (but not 
published) before the Royal Society in 
1904 he obscivcd: ‘Fiom the point of 
view ol its movements a plant may be 
regarded in either of two wa)s: in the 
first place, as mystciious entity, with 
regard to whose working no law can be 
definitely predicted, oi in the second place, 
simply as a machine, transforming the 
energy supplied to it, in ways more oi less 
capable of mechanical explanation. Its 
movements ai e apparently so diverse that 
the foimer of these hypotheses might well 
seem to be the only alternative. Light, 
Tor example, induces sometimes positive 
ciuvatuic, sometimes negative. Gravi¬ 
tation, again, induces one movement in 
the loot, and the opposite in the shoot. 
From these and other leaetions it would 
appear as if the organism lead been 
endowed with various specific .sensibilities 

* ‘Plant Response as a Means of Physiological 

(1906), p. siii 


for its own advantage, and that a consis¬ 
tent mechanical explanation of its move¬ 
ments was llieiefme out ol the cjucsUnn. 
In spite of this, howcvci, I have attempted 
to show that tin' plant may nevertheless 
be regoitled as a machine, anil that its 
movements in i espouse to external stimuli, 
though eppuiently so v.uioiis, tire ulli- 
malelv reducible to fundamental unity ot 
i ear lion’. + And lurther, to quote fin in 
Ins book, Plant Response in a Maun r;/ 
Physiological Invcshgalwn f 1 }!()(») : 'The 
phenomenon of life, then, intuuliues no 
mystical powci, suili as would in any way 
tliwait, or plate m abeyant e, the at (ion 
of finees already' opeiative In the 
machine)y of the living, as m that of the 
non-living, we meielv see their Uans- 
fomiaiion, in ohcdicner to the same 
ptitieiplc oi eonseivaliou of enrigy as 
obtains elsewhere; and it may he expected 
that, in pioportioii as out power of investi¬ 
gation glows, the oiigin of eat li vaiiation 
of the living oiganistn will be found mote 
and mote liaeeable in the diier.t or indiiet i 
ar.tinn upon it of external Sit its, the 
elcnienl of chance being; thus jungiessively 
eliminated, as the tlelinite scqueiuc of 
cause and cited comes to lie perceived 
with an int i easing clearness; and only, I 
venture to think, as lids is wotked out, 
can wc leain to apprehend fully the true 
sigmlicauce of the gieat Themy of 
Evolution.’ 

■li * * * 

In lus papeis and honks Bose gives very 
lew i(Terences to previous and roiitnnpo- 
iaiy woikens. This is paitly, no doubt, 
due to the fact that he was in most eases 
expiating new gioiuul. It should also lie 
mentioned that The piimity of many of 
Bose’s obsei vat ions, e.g. positive and 

Investigation’ be bn Jagatlis (bunder Mine 
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multiple responses, alike clccUical and 
mechanical, and transmission of death 
excitation, is seldom given the aiknow- 
ledgement due, in cui rent htcratuie on 
plant physiology... He has left behind 
nineteen volumes which Ibtm a rrroid ol 
the work carried out and dhected by him 
over a period of neaily tlin ly-scven years. 
Bose was truly a great man of science and 
his pioneering spmt and work have played 
a vital role in the levival of scientific 
reseaich in out country. But fm all this 
he was more in the natuic of a lone 
worker—a towering but isolated peak— 
rather than a builder lumself of a school of 
scientific reseaich. To conclude we may 
quote his mcmoiablc words spoken aL the 
end of the lectuie at the lloyal Institution 
(London) in January, 1897: ‘The land 
from which I come did at one time strive 
to extend human knowledge, but that was 
many centuries ago. It is now the piivilcge 
of the west to lead in this work. I would 
fain hope, and I am suie I am echoing 
your sentiments, that a time may 
come when the East, too, will take her 
part in this glorious undertaking, and that 
at no distant time it shall neither lie the 
Welt nor the East, but both the East and 
the West, that will work together, each tak¬ 
ing her share in extending the boundaries 
of knowledge, and bringing out the mani¬ 
fold blessings that follow in its train, 
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decides in his ‘Life of Hose* gives the 
following cxtiatL limit the Sfh t In hr 
(London): ‘We can sit no ic.isnii ult.il- 
ever why the Asiatic mind, tinning limn 
its absmptinn in insoluble | uni items, 
should not betake itself aidenth, tliiislilv, 
hungiily, to the icseaich into Naim e. 
which can never end, yet is alw.ns weld¬ 
ing i("suits, often evil as well as good, 
upon which yet deepet infinities win lie 
based. If that happened and PiolVssm 
Bose is at all events a in mg evidence that 
it can happen that would be the greatest 
addition ever nude to the sum of mental 
loice of mankind.’ 



Plan cf a teaching unit — 5. fish 


The Fish are adapted for living in Water 

G. Raju 

Department of Science Education , 
National Council of Educational Reseat ch and Training 


T HE advantage of planning a science 
lesson effectively on the basis of unit 
appioach to teaching science, hardly 
needs any elaboration It should be 
borne in mmcl while planning a unit in 
biological science that the central idea 
should be to assist the childicn in then 
own exploration ol the living world. The 
subject should be exhibited inside the 
classroom in a situation as natural as 
possible and tire children should be en¬ 
couraged Lo observe nature beyond the 
school boundaries in their spare time. 

An outline of a teaching unit on a topic 
suitable for class VI is suggested below 
to help the teachers in preparing the lesson. 
It might appear to the teachers that cer¬ 
tain portions of this arc slightly advanced 
for children of class VI But it .should 
be borne in mind that the topic, is ol such 
a nature that once the teachei makes a 
begining of this, it is sure to open to the 
children a new avenue of interest. The 
children arc likely to observe many things 
in the aquaria outside their class hours 
and would naturally like to have their 
doubts cleared by the teachers. 


CONCEPT. FISH : The body parts 
of the fish are adapted for living in 
water. (Fot Class VI) 

INTRODUCTION 
Motivation Ohsn ration 

Display around the classroom coloured 
pictures of different kinds of fishes. Let 
the childicn obscive them fatefully. Ask 
them to write down the characteristics 
which they find common among the 
various fishes. 

Assist them in setting up an aquarium, 
Let them rccoul their observations on 
( 1 ) the movements of the fins in aiding 
the locomotion of lisli (ii) the feeding 
habits of fishes. 

Secure a large biological model ol a 
lisli. Collect the locally available fishes. 
Arrange a display of the preserved and 
stuffed fishes. Let them handle carefully 
and examine the fishes Ask them to 
note down in which of the features fish 
differ from human body and in which of 
the characteristics they arc comparable. 
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Motivation ■ Discussion >> What is the advantage to a fish 


Discuss the preliminary ideas and ex¬ 
periences that will foim the hackgi mmd 
of the subjecl to cusuic the pupils’ 
motivation and enable their active parti¬ 
cipation in the discussion 

1 What is an aquatic animal ■' (five 
examples 

2 Why do we drown in water ? 

3 Why does a fish die when taken 
out of water ? 

4 Why do the snakes and tut ties 
living in water come up to the 
surface ficqucntly ? 

5. Why do whales send up a misty 
spray of water often ? 

6. Why do boats and ships with lots 
of weeds attached underneath are 
not able to sail fast ? 

7. How do certain small fishes in¬ 
troduced in wells, tanks and ponds 
help to keep down mosquitoes ? 

8. Why does a fish farmer keep diffe¬ 
rent kinds of fish in his pond ? 

questions and problems 
1. How is the body of fish adapted 
for aquatic life ? 

a. What is meant by streamlined body ? 


ol its streamlined hotly . 

t. How air the scales auamted on ifie 
body ol a lisli ? What is the ad¬ 
vantage ol sueli an arrangement 
2 How does a fixli movHioni one place 
t anothci 

a. Arc thr movements of a ho.il and 
fish comparable > 

h What are the uses ol the nied'.m 
fins in lisli * 

e What aie the lum lions ol the patietl 
1ms in lisli ? 

d. What role does the caudal hit play 
m fish ■’ 

3. How are the respunlon mgans of 
lisli adapted for birathmg m uulei 

a. Aie the nostrils useful I'm l»entiling 
in fish 

I). Why does a lisli open and close ns 
mouth constantly 

e What ate the mgans ol respiiatinti 
in fish ■’ 

tl. How does the exchange of oxygen 
and carbon-dioxide lake place ? 

e. Why and how ate aquuiiu aerated 
4 a. On what does a lisli feed } 

I). How aie the mouth parts of fishes 
adapted for (heir feeding habits ? 
fi. What i.s a lisli ? 




PLAN OF A TEACHING UNIT—5 FISH 


ACTIVITIES AND EXPERIENCES TO HE 
PROVIDED TO CHILDREN FOR UNDER¬ 
STANDING AND APPRECIATING 
THE CONCEPTS 

1 How is the body of n /ish adapted fm 
aquatic life, ? 

a. What is meant by stmunhned 
body 7 

Examine the shape of a big dead lisli 
and a model ol a boat How arc they 
shaped ? Are they comparable * What 
are the similarities 7 What is meant by 
streamlined body ? Conclude that the 
streamlined body is one which has poin¬ 
ted anterior and postcrioi ends and smooth 
sides 

b What is the advantage to a fish of 
its slieamlined body 7 

How does the shape help a boat to cut 
through the watei easily 7 Why does a 
boat move with its pointed end foi wauls. 
Tie a rope to a small boat at its pointed 
end and pull it in water preferably against 
the cuirent. Next tie the rope in the 
middle of its broad side and pull it. If 
a boat is not available, this can be tried 
with a toy-boat in a walct tub. In 
which of the above two cases, is it easy 
to pull ? Why ? Do you understand as to 
what will be the disadvantage, if a boat 
is to move with its broad side forwards ? 
Have you ever tried to push a log of wood 



Fig. 2. 


f)7 

against the watei ument with Us lengih 
at light angles to the < m i out ' Why do 
you find it difficult to push it fniuutel 
Is it not comparatively eas\ to push it 
with its length paiallel to the iinient ’ 
Why ? It will be much moie casv il Us 
anterior end is pomlcd and shies air 
smooth. Why 7 

Have you liiecl to hold out and dip 
your hand m water linm a last moving 
boat '' Why do von led the Inter ol 
water against join hand even if then* is 
no strong curient Does it not tuduati 
that the water is resisting tin* motion ol 
youi hand thiough it 1 How does tin*, 
insisting motion ailed the ohjei is moving 
in watei Wluit will lie the ltMilt ' 
How to reduce this watei lesisttmee 1 
Deduce that this can lie U'dmcd hv pto- 
vfiling the minimum threel tout.tel ol tin 
body against the tesistum e Retail Imu 
tin* water Hows casilv on eitlu r stir ol 
tin* anterior pointed end ol a bunt wl.ru 
it steeis tlnougli the water. Clotniutlr 
that the Jisli with its stieamlimil both 
olfeis the least lesistaiue to the water 
through wlurh it swims, 

e. How are the* scales at tanged on 
tin* both ol a lisli .' What is flu* 
advantage of such an arrange ineTU ' 

Feel the surface of the body ol a lisli. 
How is it ’’ Rough or smooth ‘ How 
is the smoothness achieved in the Indies w itli 
scale’s 'I'akc a lisli which has scales. 
Feel the sin face of its body Its passings om 
lingers front forwards barkwatels, I low 
do you led the surlace •' What is tlir 
atlvtuUage of its smooth surface Puss 
yout lingeis in the opposite dirci'tion. 
What will be the disadvantage* if the 
scales were to be* diiccled forwards. 
Recall wh> we liud it eFIhcult 
to swim in watei with our dress on ? V\ hv 
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do we find it easy lo swim with our bare tin'll suddenly stt.nghtenmg. iNliut ill 
^ 0( jy ? he thr i ('suit if .1 series id mii h .iltriu.ifing 


2. How does a fish move Jtom otic place 
to anothei ? 

a. Are the movements of a boat and 
a fish comparable l 

How docs a fish swim in rvaLor ? I low 
does a boat move in water from one place 
to another ? Have you noticed how 
the oars are flattened out aL the ends ? 
Why are they flattened ? Have you 
noticed the ways in which the oars air 
used to drive the boatforwaicls ? Deduce 
that the rowing is one in which the boat¬ 
man sits at the centre of the boat with 
an oar on either side Sculling is another 
m which the boalman stands at the back 
of the boat and moves an oar from side 
to side. How does the working of the 




F»l 

oars push the boat forwards 5 How does 
a motor boat travel without the oars ? 
What takes the place of oars in fish ? 

Watch the movements of the tail of 
a fish in an aquarium, when it swims. 
Observe the tail curving to one side and 


3 . 

jerks arc produced f To with It method 
oi using the oars ot a boat (.in this lie 
compared Observe that when the tail 
is curved to cute side the head is pointed 
slightly in the opposite direction. Deduce 
that this enables the fish to move in a 
straight line and not in series oi cuives. 
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b. What are the functions of the median 
lins ? 

Count the number of fins in a fish. 
How many are paired and how many 
are unpaired ? 

Observe the fins at the hack and the 
fins below the belly of a fish. Watch their 
movements when the fish moves. Do 
they aid the fish in swimming ? To 
which part of the boat can these be com¬ 
pared ? Do you know which part of the. 
boat is called the keel ? Why should 
the keel of the boat be high ? Deduce 
that the keel of a boat is for maintaining 
the balance. 

How are the weights of a fish distri¬ 
buted on its body ? Which part of the 
body of a fish is heavy ? Head m tail 
end ’’ Dorsal or ventral side ? If an 
object moving undei watei, has inn:'* 
weight added to it m one place, how will 
it affect its movement ? Watch the 
demonstration of the under water 
movement of a toy-submarine. 

Acid some weights in its 
antcnoi side what is the icsult? 

Then add similar weight on its 
rear side, adjust it and observe. If 
the anlcricn part of the fish is heavy, 
in which part should we place mcnc 
weight to bring about adjustment''' 
Deduce that the anterior part of 
the fish is 1 datively heavy. Instead 
of adding weights at posterior part , 
of the fish, the straightened Jim of , '. 
(ish act for stahilisng the body. 
Conclude that the unpaired finis 
serve the piupose of stabilising the 
li.h and to keep a straight couise 
like the keel of a boat 

c. What are the uses of the paired 
fins ? 


When a fish moves last, observe the 
position of the pectoral and pelvic (ins. 11 
the fins arc folded against the bods what 
does it indicate ? Watch the movements 
of these lins, when the fish just balances. 
Again observe the lins when the fish swims 
slowly. Observe that the tail does not 
perloun its swift right and left side 
movements during this slow movement. 
What do you infer from this To which 
method of using the oars can this slow to 
and ho movements of the (ins he com¬ 
pared ? 

Take two cardboards as shown m Fig. 
fi. Fold your hands with the eaidlioaids 
and run fast. While miming suddenly 
spread the card 1 maids as shown in the 
figure. Clan you run so fast easily now •' 
If not, why not? Obseive the positions 
of the paiied fins in a fish moving fast, 
When it suddenly halts, observe the 
positions of the puued Inis. What do 



Fir S. 

}uu infer about the uses of the paired Hits 
from all these ? 

d. What role does the caudal fin play ? 



60 


SCHOOL SCirNCP 


Obseive the movement ol the caudal 
fin when the fish swims slowly When 
does it make a full use of its movement 
different from the quick right and lclt 
movements of the whole tail ? Watch 
the caudal fin bending to one side. What 
happens to the movement of the fish now ? 
When the caudal fin of a fish is turned 
to one side, why does Us body turn in 
the opposite side ? What does a boat¬ 
man do, to change the direction of his 
boat? To which part of the boat can 
the caudal fin be compared 

3 How are the tespiraloty organs of fish 
adapted, foi breathing in walei ? 

a. Are the nostrils useful for breathing 
in fishes ? 

How do we breathe? Wlicie from 
do we get the oxygen for breathing ? To 
which organ of our body docs the air 
go? Examine the head of a dead fish. 
Where are the nostrils ? How many are 
there? Dissect the fish and see where 
it leads inside. Find out whether it is 
connected to the respiratory organs Con¬ 
clude that though the nostrils are present 
in fish, they are not useful for respiration 
since they are not connected to the respi- 
latory organs. 

b. Why does fish open and close il' 
mouth constantly ? 

Observe carefully a fish in an aquarium 
when it is not moving Do you see that 
the fish is opening and closing its mouth 
constantly ? Why does it do so ? Since 
the fish is in water, what will happen 
when it opens its mouth ? What happens 
to the water taken in, when the mouth 
is closed ? Think about the two possi¬ 
bilities, Either it should enter into the 
alimentary canal or be expelled out. 


Cm(Tully observe the slil-hkc opening 
on eitlici side of the head behind the < \<*. 
Do you find that also opens and rinses 
constantly’’ Do you find, any tories- 
pondeme between the opening and Ho¬ 
sing of the mouth and the slit '* Obseive 



the moulb when it opens. What is the 
position of the slit now? Next when 
the slit opens, observe the position of 
mouth, Deduce that when the mouth 
is open, water entei.s tinough it and when 
it is closed, the water is expelled through 
the slit. 

e. What are the organs of rcspiuuinri 
in fish ? 

Take a dead fish. Push a pencil 
through its mouth. Watch it coming out 
thiough the slit at the side? What does 
this indicate? Obseive the inteiinr of 
the slit, when it opens. What do you sec 



Kg. 7. 

inside? What is its colour? Dissect 
out the head of a fleshly killed fish and 
note the colour of these oigans. Take 
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a spoiled or preserved fish and note the 
colour. Why is the difference in coloui ? 
Is the pink colour due to the presence of 
blood in it' 1 Examine their structure and 
count their numbei Are these oigans 
present m all the fishes you have exa¬ 
mined? Conclude that these oigans are 
gills and are present in all fishes. 

d. How does the exchange of oxygen 
and carbon-dioxide take place ? 

While diving under water or swimming 
how do we breathe p Does a fish come 
up to the suiface to breathe air' 1 Wheic 
from does it get the ait ? Take some 
water and heat it over a buinei and 
observe. After sometime, do you see 
small bubbles coming out p Whei c from 
do they come? Why do they escape out 
while heating water ? Where front did 
they entet into the water? 

Dissect out a fish and find out which 
blood (arterial 01 venous) comes to the 
gills What is the nature of the blood 
going front the gills? If venous blood is 
brought to the gills, what is the gas dissol¬ 
ved in it? Docs the water entering 
through the mouth, come m contact with 
the gills? The bloocl brings carbon- 
dioxide dissolved in it to the gills. Hut 
the blood going away from the gills is 
oxygenated or ‘pure’ blood. What do 
you infer from this? The water and the 
blood are merely sepaiatccl by a thin 
membiane. What do you uncleistand 
fiom this' 1 What is the process called, 
when oxygen is taken in and carbon-di¬ 
oxide given out in a living body? Con¬ 
clude that the fishes respite the oxygen 
dissolved in watei through their gills. 

e. Why and how are aquaria aerated ? 

Why do large number of fishes die 

when too many are kept m a small aqua¬ 


rium? Take two wide mouthed bottles. 
Into one pour cold water and intioducc 
a fish. Into the other bottle pout lecenll) 
boiled and cooled watn. lutindme a 
similar iish mto tins also. Close the 
mouths of the bottles with lids. Alto* 
sometime count separately how many 
times a minute fish in each bottle In euthe ' 
Do you find any diffciente in the tale 
of bicathing? If so, Why? Take out 
the battle No. 2. Put some gieen plants 
and leave it in mild sunlight. Count the 
bicathing tate alter sometime Do you 
find any difference between the previous 
and picscnt lates ol btealhtng? If so, 
why p Why should aquana have huge 
surface of water exposed to almospheieV 
Select two bottles ol identical dimensions. 
One should lie wide-mouthed and the 
other nanow-mouthed, Put 2 ot '1 
similar fishes in each. Altet a day totuit 
the tale of breathing of the hslies lot 
each bottle. Do you fttul any tlilft'ienee ' 
What is the teasou lot it? 

I. a. On what does a fislt feed ? 

Do all fishes eat the same type of food? 
Tiy different kinds ol food maletials like 
woims, mosquito latvae, cooked the, 
pieces of algae, etc., in an aquarium in 
winch many kinds of fishes ate kept. 
Classify them according to the fund they 
cat as carnivorous, Jiethivontits and 
omntvoiotts. Conclude that tin* food 
habits of fishes differ. 

h. IIow arc the mouth pails < f fishes 
adapted for their feeding habits ? 

Obscivc the feeding luihits of the lislt 
called murrcls m tut aquarium devouring 
small fishes. Dediuc that the murtels 
are carrtivmu ous fishes. Examine their 
month, jaws and teeth. Why arc their 
jaws very sttong and prominent and their 
mouths wide? Do they chew their 
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pt'ey? If not, how aie the teeth useful 3 
Examine the teeth of shaiks. Why me 
they cuived inwaids 3 Conclude that 
in carnivorous fishes the teeth aie useful 
for firmly gripping the picy and pi event 
then escape out of their mouths and the 
wide mouths enable them to swallow 
the whole prey easily. 



Fig. 8. 


Filter the minute organisms found in 
pond watei and put them in aquaria 
Watch the fishes feeding on these. How 
do they diam away the water alone and 
retain these small organisms? Examine 
their filtering device. Do you find these 
in carnivorous fishes? If not, why not? 

Observe how gold fish and mullet 
feed? Why do they scoop up the mud 
frequently, churn them and spit them 
out? How are the snouts adapted for 
this? In contrast to the carnivorous 
fishes how arc the mouths in these fishes? 

5. What is a fish ? 

Is there a backbone for a fish 3 What 
is an animal with backbone called? 
What is its habitat? Deduce that fish 
is an aquatic vertebrate. Are all aquatic 
vertebrates fishes 3 Whale lives in water. 
Is it not a vertebrate? Is it a fish? Are 


aquatic snakes \t t trbratis? Why are 
thc\ not ui< hided among the fishes 3 
How do the above animals lit rathe? 
How does a fisli hi rathe ' Diiluce 
Unit a lisli must leave gills. Do the tad¬ 
poles possess gills.’ Is it a fish 1 If 
not, why not? (Ant ludr Unit fishes 
aie pmnanent aquatic veileluute Inea- 
tlnng by means ol gills, 

CULMINATING AC) 1\ I I ILh 

The following nips can lie ananged, 

a. A trip to an aquaiimn to aquuint 
the e.hildien with the oignui/alinu 
and maintenance of aquutia with 
parliculai emphasis on ihet initia¬ 
tion of watei, aeialioii, lighting 
atrangemeut, setting up of the 
aquaiimn, collet turn and handling 
of fishes, feeding and bleeding 
techniques, etc. 

1). A uip to the li.shiug club to demons¬ 
trate angling as a leistue time acti¬ 
vity. 

e. Visit to a museum to ohsetve the 
vaiictics of fishes, order of arrange¬ 
ment, display, ete. 

d. Visit to a boat building yaid or 
boating club to learn the dilVeient 
parts ol a boat and dilleieut tspes 
oi boats and to watch the demons¬ 
tration of lowing, sculling, eti. 

Define taking the e.hildien they must 
clearly know what to look for, whew and 
how to search, They must also lie (aught 
about the techniques of planning and pro¬ 
per conduct in the public places, ete, The 
children can report their findings in the 
classroom and the teacher can discuss 
them, summarize them on the blackboard 
and link them with the study programme. 
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Functional knowledge of facts, concepts and principles. 0 bjcdwes Learning Experiences 

b Fish opens and doses its mouth frequently Development of the power of observation and Observation in aquarium, 
to enable the water enter its mouth and reasoning, 
flow over the gills. 

c. Gills are the respiratory organs of fish and Encouraging the formation of generalizations Dissection and examination of the location. 
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The children can an angc a small school 
exhibition taking the help of the authori¬ 
ties of the museum, fishciies department 
and fishing club to stimulate the mtciest 
in others about the wondeis of fish life. 



Fig. 9. 


NEW QUESTIONS 

1. Why does a Osh float belly side 
up when dead ? 

2. Why do people look into the gills 
of fish before pm chasing f 

3. Why do you use bait in the hook 
while angling ? 

4. Gan a fish drown ? 

5. Why do you keep an aquanum 
with plants, near the window ? 

6. How docs a king-fishci swallow 
a fish—head first or tail fust ? 
Why ? 


RELATIONSHIP WITH OIIII.R SCHOOL 
WORK 

1. Relate language with teaching of 
wi iting letteifi loqtirsliug pel mission 
lot visits, and for thanking them. 

2. Relate teaching of ciall with 
making of models ronnet ted with 
the topic. 

3. Relate chawing with the figures of 
fishes 

RESOURCES 

Hooks 

1. Ikons, D .\iiluir Shu!;, I)ipaHni<nt nl 
Education, WVIIim'tnn, 10,TI 

2. Coimiumwialili of Pi nnsslsaiua. Ilrgait* 
mint of Pulilie Insiiufimn, Il.iiri'l mw, 
(.ntmr n/ Sillily in Stillin' I’li Sr t i.ihir, S 1 . h, 
Itullilin l()l| A I’kii'k ss upmt )'•!). 

3. Ckomom, W(I. .Si i iir c (i) Re ///"«.fan 
S'tlwnl, MiGi.ivs-11 II Ikmk ( miijiam Im, 
I‘)'i7 

■I, (Thus, Ai ic i M, It, im; thw,;i. 

//fU' lliry mme 'pail 2) 
//we llm hrr„i!,c ItrJ 
(pan \ t 

(ill,inn Wind nr Enmlnn 

r > Hiiss, Kiwoon II, d nl, M,i,lnit S,,nnr 
'Ifiiclnnii Macmillan (Sunpans, XT is Vnik. 

unit. 

(> Tyici ic, F. /In,a ,mini [IviIkijv ‘pink 2, 
Eiirniy »/ / i/r, Enm;mans. I 1 ) ill 

7. IINESCt) XnuiceHnnk nl Scniite Iradi* 
ui(C (L'uew'nJ I'lTI 

Films, 

I. Ili'gmimn; .Sivinnnim: 1 tu*,h h. 11 nils, 

2 I islnng tIn ills, .. , it, ill mis, 

3. limy animal, nmsr , , ,|,, pi 

T Hudi'i cvaii i spi ,u Inliim; ,|i> , , !) n,|,. 



Classroom experiments 


Air has weight 


D OES air have weight? This can he 
verified by doing the experiment 
suggested here. Impiovisc a balance 
out of a metie stick. Boie thice holes one 
at each end and one in the middle of a 
wooden metre stick, The middle hole 
should be slightly at a higher level than 
the midpoint, Pass a string tlnough the 
middle hole and suspend it fiom a nail or 
hook. Suspend an inflated balloon by a 
thread passed through the other cndholc. 
Add papei clips till the weight of them just 
counterpoises the weight of balloon with 
air. Now when it is balanced nicely, 
prick the balloon with a sharp needle. 
When the air has escaped observe which 
side of the balance goes down due to more 
weight. Discuss why this should happen. 
When the air from the balloon escaped, it 
became lighter and the metre scale tilted 



Fig. I. 


down tow aids the cud with the clips, 
Tins expeiiment dually shows that air 
has weight. (Adapted fmm (lateral 
St if net’. IlandbiwL i<j . l<(i;bir\, NCF.RT, 
1SHH. Unit I, Class VI, Ccmecpl 2-b.) 

AIR PRESSUR!■', MW HE MEASURED HY 
VARIOUS IIAM) MAI 111 II MtOMhl l.RS 

Stretch a sheet nilibri over the mouth 
of a small glass |ar<u wide-mouthed bottle. 
Wind a tlueacl over the neck of the bottle 
tightly to secure the lubber. With a 
little household cement or tape seal the 
edges of the rubbei, aftei liimming oil'the 
edges. Cut a thin curie fmm the end of 
a cork and glue it to the roulir of the 
lubbci. Then glue a long bioom splint 
on thccoi k to serve as a pointer. Make a 
fulcium by sticking a match .slit k on the 
shoulder of the bottle with sealing wax 
(Fig. 2). Fix an aic cut from a < awl bout cl 
to seive as a scale. You n<nv have ancioid 
barometer (Adapted from ibid. Unit 1, 
Class VI, Concept 3-a), 

A COVER CROP PR EVEN'IS I EACIIINO 

To show that a guess rovri will lessen 
the extent of leaching, do the following 
experiment. 

Take two flat enamel trays or flat tins 
(without lids), Cut out one edge and 
replace it with wire-netting. Fill one tray 
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Place two other trays at the lmm end <>1 
each tray. Now pass a measured quantity 
of water through the lose of a walciing 
can. Pour equal quantities of water on 
each tray. Collect the water that comes 
out. See whieh tiay allows more water 
to flow through it. See also by the mud 
m the water which tiav loses mote. soil. 
(Adapted from ibid. Unit II, Class VIII, 
Concept 2-c). 

SLOW OXIDATION PRODUCES I IE A l 

Take two theimos flasks. In one place 
two cupfuls of soaked bean seeds. Seal 
the top with a cotton plug and insert a 
thermometer to register the temper atnrc. 
In the second thermos flask put ch'y seeds. 
Seal and insert a thermometer in this 
also. By watching over several days and 
observing the changes in temperature, it 
will be seen that heat energy is produced 
by the slowly germinating seeds. 



Fig. 4 


If thermos flasks are not available a 
suitable insulated container can be made 
by using a small tin or bottle inside a larger 
tin with the space between filled with saw 
dust or other insulating material. 
(Adapted from ibid. Unit III, Class 
VII, Concept 1-a, b.) 

RELATIONSHIP BETWEEN PLANTS AND 
ANIMALS AND AIR 

Animals use oxygen from the arr and 
plants produce oxygen. Tire experiment 
described here is to demonstrate the 


dependence of plants and animals on each 
oilier rn their use n] some substance-, from 
the an This expei intent is similar to the 
nnc done by Priestley and other scientists, 

Take ‘10 ml of water in e.u lr o( fom IflQ. 
ml beakers. Take, lour test lubes, Into 
one test tube place a piec e of hllei paper 
or cotton wool moistened uillr sugar 
solution. Du not tom h ibis filler paper 
oi cotton with sour lingeis, but place them 
with a forceps almost at the bottom. 

Prepaie a small hall of paper to lmm a 
plug width is not too tight nor too loose 
but will just stay m the plac e wlicie. it is 
placed, Remove the plug turd insert a 
fly already captured into lire test tube, 
(Caution: Do not injuro the insert) 
Insert the plug and tin list it to about half 
way down the tube 'Ibis plug is to 
prevent the lly from escaping. Invert 
the lube and dip the open end into the 
water in one of the femr txnkcis earlier 
prepared. Lean the tube cm the. wall of 
the beaker (I’ig 5). Let us call this Tube 
No.l. 

Now pieparc the other three tubes in a 
snnilai manner but with some variations 
as described below 

Tube No 2. In addition to the 
preparations done foi tube No. 1 insert 
a green leafy shoot into tlu* tube with 
its lop almost touching tire paper 
plug and its cut end dipping in 
the water in the beakei. Thus this 
tube will have both the inset t and the 
shoot 

Tube No.3. Repeat the piooedure 
that was adopted for Tube No. 2 but omit 
inserting an insect. 

Tube No.L Repeat what you did foi 
Tube No.l but omit the insect. This 
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tube will have neithci the insect nm the 
green shoot. What is the function of this 
tube? Thus Tube 1 has the fly alone, 
Tube 2, fly and the shoot, Tube 3, .shoot 
alone and Tube 4 neither 




When all the lour tubes are prcpaied 
and set in good light, the expeument is 
begun. Two sets of observations can lie 
made (i) How long the insects in Tubes 1 
and 2, live, (ii) the changes in the volumes 
ol gases in each tube. 

I. Make obseivatious at vautms tunes 
of the day to see when the insect in 
either of the two tubes dies fiist. Explain 
why the insect in one dies while the one in the 
other survives. 

II. Changes in the volume of gas m 
each tube and the substances used oi pi o- 
ducecl by the organism in each tube. 

Mark the level of the aii column on the 
outside of the test tubes with a glass willing 
(wax) pencil. Me.asuie the length of the 
air columns in the tubes in millimetres. 
Observe the tubes peiiodically and when 
the fly in Tube 1 dies the expci iment is 
over. 

Measure the length of the column of 
gas in Tube 1. Note the amount of increase 
or decrease as percentage of the volume measured 


in the beginning Ihue i mild you deh mil in' 

what gets htn been puuluinl hr the Jlv' 

Add two pellets of sodium In dioxide to 
the natei in en< h of the beakeis, 1 <e a 
spoon oi fin reps when handling sodium 
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hydioxide and do not touch it with \oin 
hands. Mix with a glass ind, without 
lamoving the test tube out ol the waier in 
the beaker. The sodium livclioxith* cI is 
solves in the w.itei and this solution is a 
better solvent for eurbun-diuxide than is 
water. With this explanation in mind 
explain the change in the walei le\rl, it 
any, in the test tube, which will pmliahh 
occur as the NaOII dissolves. 

l)iaw conclusions ftom sourobstnation 
regaiding Tube 1. Repeat the ohsei- 
vation eoneeimng the olhei lube,. 
What faetois might explain any ob¬ 
served changes in \ chime in Tube 
4, IIow would chau",es in volume in 
Tube 4 alien your iuteiprelatioii of the 
changes in Tubes 1, 2, and ’1, 

In a short paiagiaph, give an oiguiiiml 
summary of the com hixions lium tin- 
observations made m this expel iment, 
(Adapted fmin Student Lnhuuilmy Guide, 
Biological Sciatic An Empiir r int,i Life. 
Harcourt Biaee & Woildlne,, Xew York 
1963 I1.S.US. Yellow Veisiun). 





Nuffield Foundation Science 
Teaching Project 


T HE Nuffield Foundation in England has 
for some time been interested m help¬ 
ing to improve the teaching of science in 
schools. It has had in view not only the 
new proposals for G G.E. examination 
syllabuses dtawnup in 1961 by the Science 
Masters’ Association and the Association 
of Women Science Teachers, and the work 
on curricular reform initiated in the 
same year by the Scottish Education 
Depai tment, but also the science teaching 
projects conducted in America under the 
National Science Foundation, the series 
of conferences on the teaching of science 
organized by O.E.G D , and many similar 
ventures in Britain and overseas. 

Against this background of activity, 
the Foundation decided in December 1961 
that it would now be in a position to 
further in a practical way the reform of 
science cuiricula in Britain. In that 
month the Trustees agreed to set aside an 
initial £250,000 towards a comprehensive 
long-term programme. 

Aims 

i 

The central objective of the Nuffield 
Foundation Science Teaching Project is 


‘science for all’--not me.icly for the: future 
specialist but foi the fuluie citizen in the 
lattci half of Lhc twentieth centmy. The 
programme has been designed initially to 
concentrate on fom 1 mud sections : physics 
for 11-16-year olds, chcmisliy for 11-1G- 
ycai olds; biology foi 11 - Hi year olds; and 
sclent e for 8-13-ycar olds m piimary 
schools and non-sclcctive sccoiulaiy 
schools. 

The aim in the. first three sections is to 
provide an integrated range of tested 
teaching lesoutrcs in physics, ehemistiy 
and biology, designed by teachers for 
teachers. The matcinil is being designed 
to be equally suitable for future science 
specialists and for those who latci specialize 
in other subjects or who leave school at 
the age of 16. It will be. intended 
pnmarily foi use in the fust four or five 
years in grammar schools and the upper 
streams of secondary modern schools, and 
will offer to all who might noimally study 
for the G Cl.E ‘O’ Level (oi Scottish ‘O’ 
Giadc) examinations some, insight into 
scientific thought and method The 
appropriateness of the material for those 
pupils likely to sit for the new Certificate 


Paper presented at the Commonwealth Conference on the Teaching of Science in Schools, held in 
Peradeniva, Ceylon in December. 1963. 
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of Sccondaiy Education will, however, also 
be cai efully investigated. 

Oiganizatioi i 

The programmes arc based upon, and 
arc intended to consolidate, the work 
which has aheady been clone, in Biilnin 
and elsewhere, in lcvising school science 
cuincula. The Foundation is acting as 
prime sponsoi and co-oidnialor but is 
collaborating fully with other inteicsls in 
the field. 

In physics, chemistry and biology a 
full-time organizer has been appointed to 
lead the woik of each section and has been 
seconded to the Foundation’s stall' for the 
necessaiy peiiod. Each orgarn/.ei is 
backed by a consultative committee, 
bringing togcthei a wide lange of expert 
knowledge in the subject. Detailed woik 
on each programme is being undertaken 
lointly by the organizer and teams of 
practising teaclicis, with team leaders 
seconded full-time for at least a yeai. 

The range of lcsourtes in each section 
will include teaclicis’ guides, class texts, 
laboratory notes, apparatus and visual 
aids such as films, filmstrips, ehaits, illus- 
tiations, and models. The material will 
be tried out under classroom conditions 
and modified in the light of this pi ac.tic al 
experience before being made gcncially 
available. The end products aie planned 
to take the form of co-ordinated sots of 
material to be used by individual teaclicis 
as they think best. 

The Foundation makes the necessaiy 
arrangements to familiarise tear,he,is who 
are involved with the pidiminary tiials 
of the material, with the new teaching 
approach. 

Tme-tabh 

The intention is to have the range of 


teaching icsouices in physics, chemistiv 
and biology leady within two or tin re 
yeais for production on a scale sullii ient 
to meet the expected demand. 

The Physics section was mauguiated in 
May, 1902 under the leadership of Mi, 
Donald Mcdill. li Millet cd a seine set¬ 
back in his tragic death cm the 2'ind 
March, Ibh.'i, bill ailangenieiit.s have now 
been made to c.onlituie and complete the 
weak, m the spii it in which lie initiated 
it and in the dim turn lie fm esliadowc <1, 
undn the guidance of lhofessoi Fan 
Rogcis as oiganizcr, and Mi. John Lewis 
as associate mgani/.ei. The* initial phase 
ofchafiing the teaeheis’ guide 1 lbr the fi\e- 
yeai course, and prepaimg the appaiatns 
likely to be requited for the m heme, is 
now at tin end Prehminui> tiials ol 
dill’eient complete years of the rouisc will 
lake jil.ue, between Septembc t l'lltli and 
July 1901 in sixteen schools, with iuilliei 
tiials of individual topics in a mutibci of 
additional .schools. Duimg the muting 
year woik will eonlinue cm the 1 piepa- 
ralinn of pupils’ texts and olhei wiitteti 
mateiial, and the pinductinii of visual aids 
Tt is hoped that the whole lauge oi 
mulct inis will be available in pieliiuin.uy 
foim liy September HUM, in time loi a 
moie extensive seiies of elassiooni tiials. 

The Chemistry section began in Sep¬ 
tember, 1902 with the appointment ol 
Eli. ILF. Ilalliwell as its oiganuei. 
Dining the lit si ye at the 1 teams have 
eemcentrated cm the preparation ol 
materials foi trial (ineluding a teatlieis* 
Irandbook of a sample (ive-yeai scheme, 
pupils' texts and baekgiomul teaclns, and 
a hook of data), ll is planned to tn out 
various parts of the eom.se in .schools fiont 
January 1%1 onwaids, and to continue 
revising and i(‘testing timing HUif and 
196 .-). 
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In the Biology section, which got under 
way in January 1963 under the leadership 
of Mr. W H Dowdeswcll, the fust aim 
has been the preparation of a teachers’ 
guide and pupils’ text for an experimental 
one-year couise This course, based 
largely on a physiological approach and 
concerned mainly with topics which occur 
in existing G.G.E. ‘O’ level syllabuses, is 
being tried out m over fifty selected schools 
during the current school year Further 
short courses on genetics and evolution 
and microbiology will also be tested during 
the autumn of 1963. Work on the 
remainder of the five-year course is 
proceeding and it is expected to complete 
the draft material and the accompanying 
visual aids in time for extensive school 
trials of diffeient stages of the whole course 
during 1964-65. 

Work on the Science section is concerned 
with introductory science (intended for 8 
to 13-year olds in primary and secondary 
modern schools) It is also hoped to 
embark on a comparable scheme for 
mathematics for 8 to 13-year olds in the 
coming year. 

Other sections of the general piogramme 
may ultimately include physics, chemistry 
and biology for 16 to 18-year olds intend¬ 
ing to become science specialists, science 
for 13 to 16-year old pupils of less than 
average ability; science for non-specialists 
in the sixth form, and a physical sciences/ 
biological sciences course for 11 to 16- 
year-olds, as a more satisfactory alter¬ 
native to existing general science couiscs 

Underlying Objectives of the 11-16 Programme 

In this 11-16 science programme 
considerable importance is attached to 
the participation of experienced teachers 
of science, who have the necessary insight 


into the interests and capacity of 11-16- 
year old pupils to ensure its success It is 
impoitant to bear in mind the pupils’ 
view of llie subject, to make science 
intellectually exciting for them, and to 
bring them tlnough their nivn investi¬ 
gations and aigumcnts to an understand¬ 
ing of what science is and, as l'ai as 
possible, of what it is like to be a practising 
scientist. (It must also encouiage. them, 
incidentally, to expicss their understand¬ 
ing in a clear and effective way.) 

The mam objective then is concerned 
with education in its bioadcst sense. The 
challenge is not only to pi ovide an 
intellectual discipline valuable m its own 
right but to encourage an attitude of 
critical enquiiy, an ability to weigh up 
evidence and assess ptobabilitics, and a 
familiarity with the main principles and 
methods of science. 

The implications of this central objective 
are perhaps obvious but nevertheless 
worth stating. For if the mam emphasis 
is on the achievement of an undustanding 
dccpei than the mere ability to repeat what 
the pupil has been carefully instructed to 
repeat, then the approach to the subject 
must change accordingly. Rather than 
being told all the answers, the pupils must 
be given time and opportunity to learn by 
working out scientific joroblcms foi them¬ 
selves. 

Such an approach, desirable as it is, 
brings with it certain difficulties. First, 
for the tcachcis who (largely because of 
the pressure exercised by the examinations) 
may be unfamiliar with this approach 
and, perhaps, apptchcnsive of the difficul¬ 
ties they think they foresee m having to 
adopt radically different classroom 
methods. Second, for the teachers who, 
while they are sympathetic to these ideals, 
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giealei depth of undeistanding, and a 
greatei sense ot excitement and intellec¬ 
tual discovery, will ncveitheless, lie well 
worth the pi ire. 

Now how arc the piueln al pioblems 
of the changes of classioom prat lice, the 
additional cfl'mL demanded by ]iupil and 
teacher, and the. shortage of time to he 
met' 1 We do not yet know die full 
answeis, but some geneial indications can 
be given. First, the unfamiharity ol 
appioach may be alleviated by a very full 
teachers’ guide offering suggestions for 
(and sometimes detailed guidance an) 
classroom and laboiatoiy practice, to¬ 
gether with mtroductoiy couises for those, 
tcacheis intending to adopt the scheme. 
Secondly, the buidcn on teaehei and pupil 
may be lessened by a caicfully planned 
appioach, m whieli new themes and con¬ 
cepts are introduced gradually and 
returned to again and again with an 
increasing degree of sophistication. 
Thirdly, the pressure of time may bo 
reduced by pruning some, familial items, 
by a more effective (and thus ultimately 
quicker) pi escalation of the items which 
remain, and by a complete thinking ol 
the aims, purposes and tiealmcnt of the 
final examination. 

Teachers’ guides and courses will 
suggest ways for tcacheis to promote in 
the classroom and laboratory an attitude 
of enquiry, an ability to assemble the 
relevant evidence (sometimes at first-hand 
by the pupil’s own experiment, sometimes 
at second-hand from the experiments of 
others), and a further ability oiilically to 
study the implications of this evidence. 

The planning of the teaching appioach 
is not a mere matter of compiling a 
syllabus. A bald list of topics may be 
interpreted (and misinterpreted) in many 


ways, and cannot itself show the giuduul 
unfolding of ideas m the kind ol teaching 
intended. The need is ralliei to indicate, 
tlnough tlie tcacheis’ guide, the pupils’ 
texts, the labmatoiy notes, and the 
accompanying visual and pi actual 
materials, reliable ways ol promoting a 
sound understanding of the topics to be 
coveied. In each sec lion of the project, 
the organizers have chosen to begin with 
an introductory phase (which m physics 
and biology will last two yeais and m 
chemistiy probably tluee) m winch the 
pupils are enemuaged to look moic closely 
at their lauulmr siniounthngs and to think 
mine eatelully about llieii familial 
exjMTienees. Al this stage they make a 
first— and necessarily sujteilicTal acquain¬ 
tance with many of the ideas wliic h they 
will l.itei study in more detail. As tune 
goes on, then treatment ol these ideas 
becomes increasingly analytical expeti- 
ments take on a more quantitative tisjiet t, 
and models and theories ate gi.(dually 
built up to at count for phenomena already 
established in the pupils’ exjiciionic. 

No pi donee is made that, within the 
nmnial school time-table, the whole held 
of scientific discovery could be Healed in 
this way. In all three sections physics, 
chemistry and biology only selections 
from the whole can be iilleicd : but nileml, 
it is hoped, in such a way that at the end 
of Ins live-year enurse the pupil hiniscH 
will want positively m Hud out more, and 
will be intellectually cquijijKtl to do so. 
The main principle of selection, clearly, 
will be the relevance ol each topic to a 
coherent and effective understanding ol 
science as it is today (nr rather, when we 
aie aware of a shift in the main mitres oi 
interest, as it may be tea years hence). 
Thus, the various si hemes may well 
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recognize how rewarding they might 
be, believe that their adoption would put 
an impossible burden on their shoulders. 
Finally, for the many good teachcis who, 
while they have already attempted this 
approach whenever possible, find the 
existing system allows them too little time 
to do so effectively. The approach must 
be equally demanding and stimulating for 
the pupils who, instead of being always 
piovided with ready-made answers in the 
classroom, and sequences of cleai instruc¬ 
tions m the laboratory, would find them¬ 
selves having to do some independent 
thinking and reasoning in the face of 
challenging questions, and having to carry 
out experiments on their own, learning 
by mistakes and being encouraged by 
successes. While such an approach 
will certainly make demands on both 
teacher and pupils, the benefits in teims 
of a certain new material which has 
hitherto not been covered in the usual 
G G.E ‘O’ level syllabus—for instance, 
aspects of nuclear physics, an introduction 
to genetics and evolution, and a consider¬ 
ation of the energy changes that accom¬ 
pany material changes To make room 
for this new subject-matter as well as to 
leave mote time for the adequate study of 
important traditional themes, many 
familiar (and perhaps sometimes favourite) 
topics will have to be omitted, or at least 
kept only as optional extras for the faster 
pupils. 

If time is to be saved by streamlining 
the presentation wherever possible, and 
if emphasis is to be placed on under¬ 
standing rather than on mere factuaL 
knowledge, the whole purpose and nature 
of practical periods has to be re-examined. 
Simple and effective pupils’ experiments 
and teachers’ demonstrations must be 


devised, and in all three subjects a certain 
amount of new apparatus may be called 
foi. It must lie stressed, however, that 
the amount of completely novel material 
will be only a small proportion of the 
whole ■ for science, after all, is not a new 
subject, and much of it is aheady taught 
in every school. The main novelty of the 
scheme lies not in its particular choice of 
content, which is relatively unimportant, 
but in its whole approach. 

The thiee organizers arc unanimous in 
agreeing that no syllabus, In the sense of 
a bare list of subjects to Ire covered, should 
be published in isolation from the whole 
range of teaching material. This is 
because the issuing of a syllabus focusses 
attention on questions of content, and so 
distracts front the main issue. 

Finally, the project sharply recognizes 
that the scheme cannot hope to survive, 
however good it may prove to be, unless 
pupils who have followed its course are 
able to lake a form of public examination 
which is itself in tunc with the v'hoic 
approach. Given out general aims, and 
the methods wc suggest for promoting 
them, we cannot merely offer the examin¬ 
ing boards a new syllabus, for this would 
solve few of the problems which we are 
attempting to tackle. What is needed is 
a series of specimen papets which, like the 
end-of-term tests suggested at each stage 
of the course, the exercises set each v'cck 
for homework, or the questions posed each 
period in class, must be designed to en¬ 
courage carefull thinking and to look for 
sound understanding, noL simply to check 
the pupils’ aptitude for total recall. This, 
too, is far easier said than done. but 
because it is a problem as vital as it is 
difficult, each organizer has appointed a 
special team to devise any try out new 
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forms ol examinations which idled the been icasonably demonstrated, examin- 
attitude and pattern of the course itself, mg boaids will he asked to consider 

During the trial phase, such sample setting alternative papers on the suggested 
examination papeis will be set and pattern, 
marked, and then revised and implored 

upon; and once their piauicabihiy has fa continued) 



Recent Developments in Science Teaching 

in Scotland 


Arthur J. Mee 


D URING the last three yeais there has 
been in Scotland a complete appraisal 
of the aims of teaching science and 
the content of the school science syllabuses 
Scottish secondary education begins at 
the age of about 12 and consequently 
pupils in Scotland start their secondary 
course one year latei than their com¬ 
panions the England. Pupils following 
a certificate course (of whom 35 per cent 
follow an academic course) can take the 
Ordinary Grade examination at the end of 
their fourth year and theHighei Grade at 
the end of their fifth. The better pupils 
are encouraged to by-pass the Ordinary 
Grade examination and aim directly at the 
Higher Grade, but only a minority do so. 
Thus the Scottish pupils have only four 
years of secondary education before they 
face the Ordinary Grade examination, as 
compared with five in England and the 
examinations in the two countries are 
roughly of comparable standard. The 
standard of the Higher Grade is about 
half way between the English Ordinary 
and Advanced Levels (although it is 
not possible to make an exact comparison) 
The possession of a certain number and 
group of Higher Grade passes qualifies a 
pupil to admission to a Scottish university, 
but it does not follow that a candidate with 
these minimum qualifications will be 
admitted to the faculty of his choice. The 
various faculties have their own require¬ 


ments ovei and above those leqturcd for 
university admission. Many pupils now 
stay on for a sixth year lint very few 
remain for a second year in the sixth 
which is tiie general rule in England. 
In the sixth year some lake University 
Bursary Examinations corresponding in 
some ways to Advanced level examinations, 
although it is difficult to compare them; a 
few take the advanced level examinations 
of the English Boards; hut the majority 
spend then* time taking more subjects 
on the Higher Grade and thus improving 
their certificates In only a very few 
schools is the sixth year icgarded as one 
in which pupils will be allowed to broaden 
their experience by studying subjects oi 
their own choice. 

All pupils who enter the secondaiy 
school (at the age of 12) have science in 
their curriculum for the first two years, 
The aim is to provide a general back¬ 
ground of scientific knowledge in physics, 
chemistiy and biology. However, biology 
is frequently the most neglected or the 
branches at this stage. 

At the end of the second year, a 
number of pupils drop the study of science 
altogether. These are not necessarily the 
weaker pupils. Many of them arc able 
boys and girls who wish to concentrate 
on other branches of study and who 
discontinue science merely because they 
do not have the time for it. 


Paper presented at the Commonwealth Conference on the Teaching of Science in Schools, held 
in Perademya, Ceylon in December, 1963. 
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The others go on noimally to study two 
branches of science, the most popular being 
physics ancl chcmistiy. Thus they have 
two yeans of nunc detailed study before 
the Oidinaiy Grade examination. Some 
take, no more science than this, while 
otheis cany on with the subject to the 
higliei guide to study science at the univer¬ 
sity or college of I'uither Education or to 
obtain a higher pass m the subject to 
complete the icquiremcnl foi univer.ay- 
on trance. 

EXAMINATION SYSTEM 
The Examination system in Scotland 
differs fundamentally from that in England 
in that there are no examination Botuds. 
The examination for the Scottish Certi¬ 
ficate of Education is conducted by the 
Scottish Education Department, who are 
responsible both for the syllabuses and for 
the question papers. No fees ate charged, 
the whole cost being met from public 
funds. The Secretary of State conducts 
the examination under authority derived 
horn the Education (Scotland) Act, and 
lie is answerable to Parliament for its 
proper administration. Although the 
Department arc lcsponsiblc foi devising 
the syllabuses, the teachers’ organizations 
and other interested bodies are always 
fully consulted before any major change is 
made either m syllabuses or in organi¬ 
zation. These bodies also comment on 
the papers aftei the examination, and 
great regard is paid to their comments in 
the framing of papers for the next exami¬ 
nation, This has made it possible for the 
Department to bring about changes in the 
value of the wotk done in the school, and 
to bring about the reference which many 
people felt to be desirable, much more 
quickly than would have been possible 
otheiwise, simply by offering a new 
examination based on the new syllabuses 


as an alternative to the existing exami¬ 
nations based on the tinditionul syllabuses 
This eneouiuged siieiue te.uheis to 
modernise their teaching, because they 
knew that their pupils would not be 
prejudiced at the examination. 

(tuuling Piincijilrs t hide) ly in » tin' Hr fin in f 
in Shelter Juliuntinn 

Any new syllabus should make 
piovismn: 

(1) for cmuses complete in themselves 
for the fust two yeuis, which will 
give a suitable iulinduclion to 
those not going further, and 

(2) for a further couise up to oidinaiy 
grade suitable for the pupil who 
will not lake lus study of science 
beyond this stage. Up to the. 
Ordinaly (hade it is felt that the 
emphasis should be on si inter for 
the ordinary ciu/cii; yet at the 
same time the course must ptovidc 
a good foundation to those wlm 
will eventually become si ientists. 
Those requirements aic not easily 
roomie iled, and to a certain extent 
some compromise has had to he 
ellected, 

PhjiKS 

The Ihst step was to tiy to analyse the 
traditional physiis teaching in .Scotland. 
This led to the view that its ehai.ieteiistii s 
were in the first place its didactic or 
academic approach, the idea that physics 
would be worth teaching as a discipline 
even 11 it had no piartieal application at 
all. This is pet haps linked with the fact 
that physics is still culled natural philoso¬ 
phy in a number of Scottish universities. 
It is as a philosophy that the subject has 
ollon been taught even at school level. 
Today the emphasis ought to be on appli¬ 
cations to everyday life lather than on 
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academic science. The second charactei- 
istic was its emphasis on the meticulous 
conduct of cxpei iments for the dctcimi- 
nation of physical constants and the 
verification of physical laws. Thirdly, 
theie was an emphasis on the learning of 
definitions and laws, it being assumed 
that this was a guaiantee of undcistand¬ 
ing. And fourthly, the pupils were given 
no opportunity to discover things for 
themselves. They merely repeated what 
Aichimedes, Boyle and Faraday had done 
before them. 

Two things had to be done to refoim 
this situation. It was obvious that if 
work m physics was to be brought 
nearer to the present day there would 
have to be a change of content. 
Tiaditional mateiial would have to 
be removed and replaced bv more 
modem material. At the same Lime 
it was also necessary to ensure that the 
teaching should encouiagc the critical 
and creative capacities of the pupils—in 
other woi ds, the study of the sub]ect should 
be made educative as well as merely 
informative. These two aspects cannot 
leally be divorced from one anothei. 
It would indeed have been possible to 
change the content without changing the 
method but this would have achieved very 
little. It is the approach to the teaching 
that is of vital impoitancc, but this 
approach can be very much facilitated by 
a syllabus which fosters it 

It was therefore decided to base the new 
syllabus on the fundamental concepts 
lunning through physics rather than use 
the time-honoured method of compart¬ 
mentalising the subject into mechanics, 
heat, light, sound, etc This gives a 
unity to the subject which in the tiadi¬ 
tional method is apt to be lost sight of 
Of course it was necessary to select the 


concept for study that would be most 
appioprialc for the level of teaching and 
it was decided to deal with the physical 
basis of Newtonian mechanics, the kinetic 
pictuic of heat flow, waves of niteiconvei- 
sion and consei valion of energy, electro¬ 
magnetism and atomic, physios. Ideas of 
instrumentation would he developed 
thioughout the com sc. It might be 
ob]ee,ted that this contains little that is 
new apait from dealing with the subject 
from the point of view of concepts lather 
than compartments; but the content in 
each topic includes much of modern 
significance and technological application, 
Thus in the section on energy it is expected 
that lcfeiencc ss, ill be made to steam and 
internal combustion engines, tmimics, 
jets, and rockets. 

It lias all cady been stated that a change 
of content above is not enough. It is 
vitally impoitanl that the method of 
teaching should he. alien’d too. What is 
needed is the lestoiation to school science 
of the cxploraloiy spiwl, and an elimi¬ 
nation of that detail which obscures the 
real physics, to work more from fust 
principles rathci than by applying 
foimulae which have been learnt byheait 
and to cultivate a ci ideal faculty among 
the pupils. This will involve a change 
also in practical work towards experiments 
which make more demand on the pupil’s 
capacity to use Ins imagination and his 
creative powcis rathci than his ability to 
carry out a set of instructions which enable 
him to verify the value of a constant. 

This docs not mean that all expci i- 
menls of a quantitative natuie me banned 
There is a place for the deLeimunition of 
physical constants as accurately as the 
techniques of the school laboratory will 
allow, and this is well worth doing in 
certain cases. 
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Theie is some dissatisfaction on the part 
of teachers themselves about the natuie 
ofpiactical woik earned out in school 
science laboratoiics. In most schools, 
the installation of and equipment of 
science Iaboiatoiies is the most expensive 
part of the secondary school provision. 
Are we using these facilities to Lhr best 
advantage? Most tcachcis would say 
no, for a variety of leasons which cannot 
be entered into heic. This view has been 
endoised by a recent investigation into the 
place of practical woik in science in 
Great Britain earned out by Di Kerr 
and Ins team at Licccslei Institute of 
Education (1). 

What is being tried with the new 
syllabuses is a tiansfer fiom didar lie to 
exploratmy and opeiationa! methods of 
presentation. The pupil thus gains more 
insight into the value of a phenomenon 
before he is asked to accept the laws which 
govern it 

Chemistry 

Chemistiy has ficqucntly been criticized 
as a school subject because it has so often 
consisted of the learning of a numbci of 
unrelated facts This had led some of 
our more able pupils to give up science 
in favour of arts, because of their intellec¬ 
tual disappointment with the standard 
science fare meted out to them. 

In dealing with chemistiy much the 
same problems had to lie faced as with 
physics. An attempt was iiisl made to 
lay down the fundamental principles on 
which the structure of chemistiy is based 
and then to see how a syllabus could be 
constructed with those principles 1 mi¬ 
ning through it. The concepts which aic 
fundamental to chemistry are clearly ener¬ 
getics, atomic structure and bonding. 


To a eei tain extent these aie all ad¬ 
vanced ideas which might be thought 
difficult foi young pupils to comprehend, 
paitirnlaily by those hi ought up in 
tiaditional ways, and the pmlilem was In 
mUoduco them into a roui.se at an rally 
age. To ail extent, loo, those concepts 
are not separate. Bonding, for instance, 
is dependent on enoigctic and it is, of 
ionise, necessary for an atomic model to 
satisfy the iec|uiienienls imposed liv 
energy eonsideiations, in physics ton it is 
possible to aiguc that one fundamental 
concept might emlnaee all the individual 
ones that we have mentioned eailiei, and 
this might well be energy. Ilmvevri. 
to attempt such an all einlnac nig synthesis 
is pci haps going too fat and demands a 
philosophic outlook which tomes only 
fiom gieat expel lein.c. 

For the* young pupil theie is no doubt 
that eiieigy is live must piohtahle stalling 
point, but even so it would olwinusly not 
be wise to start with sue U a concept and 
base chemical study upon it. fheiuisUy 
is an expenmeut.il .science; it is woiked 
out at the benc.li. When we have mu 
observations we run then attempt to Imk 
them up, and use the geueialisaliou to 
pi edict what will happen in other c uses 
and to bind together the la< ts we have 
discoveieel. So we let the pupils clisi met 
for themselves thal eheniit al inteiac.lion 
is bound up with changes ol'enugv of a 
system. Most frequently heat is given 
out in a elieiniial change, but not always, 
At fust we are content with (Ins and 
whenever elieruic.il change's aie encoun¬ 
tered we see to it that enc'i gy conshleia- 
lions aie brought to the foie-fnmr 
Thus the burning of magnesium is not 
just a spectacular reaction in which a 
metal is changed to a white ash; there me 
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eneigy considerations too to be taken into 
account. In the study of combustion 
particularly they discover that the energy 
involved m chemical changes varies fmm 
one reaction to another and they aic able 
to arrive at the idea of an activity scries 
for the metals which is confirmed, at least 
in its essentials, when they study the 
action of metals on acids uncomplicated 
by side-i eactions. 

All this is purely qualitative, and wc 
are not concerned with defining energy m 
the sort of way that a physicist would 
piobably like us to do. We are satisfied 
to use the pupil's primitive ideas of 
energy, ideas which he may well have 
picked up at the primary school level, 
such as the fact that heat and energy are 
inter-convertible in the hot air engine 
In the science course either in physics or 
chemistry they soon become acquainted 
with the evidence for the fine division of 
matter and with the kinetic picture of 
heat, and it is not difficult to link this with 
the idea that collision between ultimate 
particles is lequired befoie combination 
will occur. 

All the ideas at this stage are associated 
with the simple chemistiy of air and watei, 
and the solids of the earth, because, 
although the background of a scientific 
study of chemistry is being forged, it is 
necessary at the same time to give these 
pupils who will discontinue the study of 
science at the end of the second ycai, 
some knowledge of the chemistry of their 
sui roundings, It is for this leason that 
some study of the eai th has been included 
at this stage—a topic which has been 
woefully neglected in the early part of the 
couise hitherto Teachers have usually 
been content to deal with air and water 
and leave it at that, and it has always 


seemed odd that we do not teach anything 
about the eaith on which wc walk, and 
fiom which wc obtain so many of the 
products essential for civilization. It is 
tme that the chemistiy of the silicates is 
far fiom easy—but tlieie is no need to give 
unessential detail at tins stage —this in¬ 
deed is one thing that must be assiduously 
avoided; but it is ceitainly desirable that 
an elementaly, and even an intioductory 
couise should include some study of metals 
and their ores, and of building materials 
and so on. 

Before the study of chemistry can be 
carried much fuithcr wc need some model 
of the atom which will enable us to explain 
the types of bonding which occur m 
chemical compounds, and this is oui next 
important fundamental piiuciple. Here 
wc arc confronted by the difficulty which 
was encountered in physics, viz., that at 
this stage very little experimental evidence 
can be picsented infavoui of the model. 
There are two reasons, however, why it 
is felt desirable to introduce the pupils to 
such a model at this stage The first is 
that even if they go no further they ought 
to be acquainted with such teims as 
electron, proton, ncution, nucleus, isotope, 
and radioactivity, if they aic to take an 
intelligent interest in what they lead in 
the newspapeis or see on T.V. The 
second is that, if they aie going furthci, 
the model is extremely useful in giving 
a pictuie of bonding, ancl the demands of 
scientific integrity can be satisfied by 
pointing out that evidence will be pi ovidccl 
later on for the essential validity of the 
model, and indeed the very fact that it 
does fit in with our chemical observations 
is itself some evidence of its liuth 

The next step is to attempt to classify 
substances simply according to their 
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electrical properties and show how the 
picture of ionic and covalent bonding 
will explain these piopeities. At this 
stage chcmistiy is a subject of ‘blacks’ 
and ‘whites’ and it is not wise to compli¬ 
cate the issue by pointing out (hat it is 
indeed a subject of ‘guys’. In other 
words, only the extiernes of polar 01 non¬ 
polar natuic aie considcied; lclincmcnl 
comes later Once this idea of polaiity 
is giaspcd many reactions become moie 
compiehcnsible and this idea is used 
thioughout the teaching from now on, 
so thaL the cletliome theory of bonding 
becomes not simply a supplement to the 
couise, as it frequently is in traditional 
syllabuses, hut a powerful instillment fot 
banging older into die studs of chemical 
action. 

I have no time to indii ate othei points 
in the scheme save to mention that much 
of the traditional wotk has been omitted. 
Foi instance the wmk is based on an 
acceptance of the atomic nature of matter 
without going tluough nil the work of 
Dalton; no time is, thercfoie, spent in 
verifying laws of constants and propoi lions 
—at the best unsatisfactoiy experiments 
from the quantitative angle at an elemen¬ 
tary stage. If the atomic theory is accept¬ 
ed these laws must follow. Nm is the 
idea of equivalent introduced, but 
arithmetical and quantitative work is 
based on the mole or the giam foimula 
weight. Traditional methods of finding 
atomic weights arc ignored in favour of 
mass spcr.Liogiaphy, the idea of which 
is not found difficult to impart when the 
pupils have followed the new physic s 
scheme. The time thus saved is used to 
give some attention to organic chcmistiy 
of an evetyday and non-academic type, 
such as that of fuels, foods, and polymers. 


These are all topics with which the 
oidinaiy educated eili/en should have 
some acquaintance h’uithci details of the 
scheme can lie obtained by a study of the 
Department’s Cite ulai No. 512(0), which 
gives die syllabus, with notes on its (cach¬ 
ing, and specimen examination papeis. 

This brings me to live point dial the 
physics and chcmistiy syllabuses aie so 
mtcr-rclatcd that they can be easily 
c,ombiued to give a satisfac.toiy miegialcd 
cuui.sc. In spite of the fact that I base 
in this talk dealt with the two svallabuscs 
as if they wene distim l it is not ncirssaiv 
to legald physics and ehemisliy .is 
sepai ate subjects 

Iliulni’y 

Some iclonus have also been mtioduoed 
into the teaching of biology, 1'iuth- 
tumally in Scotland it has been the < ustoni 
to teach botany and /.oology as sep.uale 
subjects, but it is now becoming widely 
recognised that at (he early stages it is 
moie valuable educationally to tenth the 
essential features of living mgamsnis, and 
the subject of biology lias been introduced 
at both the Ordinary and Higher (hades 
and is becoming mc.icasiiigly popular, 
A new biology scheme' for the fust two 
yeais lias been published (0j which is 
based primarily on man and his place in 
lelation to other living things. The theme 
itinning tluough the course is interdepen¬ 
dence, which is brought out by means of 
field studies, the combination of some 
simple aspects of social biology, and 
piohlcms of nmsc'i valion in nature, The 
course .struts with human biology and 
there* are here a number of links with other 
blanches of science, pui tic ularlv elieiuistiy. 
Having learnt soniethimr of the working 
of the most familiar form of living tiling, 
man himself, his ielation to other living 
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organisms, both plant and animal is now 
considered. This leads to a more geneial 
study of the interdependence of plants and 
animals. Finally the way in which life 
is handed on, and man’s influence on his 
own habitat are dealt with 

This syllabus is m marked conti ast with 
the rather sterile treatment associated 
with the more traditional work which has 
formerly been taught m the eaily stages 
m school and which composed little moic 
than a study of the bean seed, the life 
history of the butterfly and the flog, and 
the dissection of a flower. 

It is hoped that the new syllabus will 
develop an interest in biology among the 
younger pupils and will encourage them 
to study the subject furthci in their Litci 
ycai s at school. 

A new appioach, such as is envisaged 
in these syllabuses, lequitcs a diflcient 
technique of assessment which is in 
sympathy with the schemes, and new 
types of examination arc being studied. 
While there is obviously a place m 
examinations for testing a pupil’s know¬ 
ledge of facts, this is not the main function 
of the test. It is desirable to examine 
much more than we have in the past the 
pupil’s ability to use his knowdedge and to 
apply it critically to the solution of 
problems which he has not met before. 
At the Ordinary Grade this is not veiy 
easy; any problems posed must be simple, 
moreover the examination is a pciiod of 
nervous stress for all but the most confident, 
and thought processes are inhibited. On 
this account some teachers feel that it 
would be unfair to expect much more from 
pupils at this stage of development than 
the simple recall of what has been learnt. 
It certainly seems that, if questions 
demanding careful thought are to be set. 


the examination will have to lie more 
leisurely, for the top speed working which 
is demanded of candidates in the present 
type of examination is inimical to 01 iginal 
thought Experiments are taking place 
in a number ol .schools on these lines. 
The ‘open-book’ tec hnique of exami¬ 
nation is also being < onsiclered although 
this could obviously not be applied on a 
national scale because it would demand 
the use of the same textbook throughout 
the countiv. It would be possible, how¬ 
ever, to supply a book of data to all 
schools which would lie used in the 
examination and woik on this has been 
set in tiain. 

It is not, howcvei, only m the final 
examination, or in the internal school 
examinations that change, is requned, The 
very technique of class questioning by the 
teacher m the couisc of the lesson requites 
to be 1 econsidercd. The intioducthm of 
new syllabuses and methods is thus having 
a marked influence thioughout the teach¬ 
ing of the subject. 

The syllabuses that have been described 
have been ofleicd to the schools as altci- 
nalive to the moic traditional ones. The 
reasons for this is that they have been 
pi oduccd at a time when tlici c is a shot tage 
of well qualified science teachers, and 
when the recent introduction of Oi dinary 
Giade examinations had already made 
considerable demands on school stalls. In 
spite of this about half the; schools in the 
country decided to adopt them last session, 
and something like two-thirds of the 
schools will be opciating them in session 
1963-64. This represents a very consider¬ 
able achievement. Where schools have 
not adopted the new schemes, it is more 
often due to shortage of staff, or recent 
staff changes, or lack of suitable facilities. 
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A number of aids foi teacheis me being 
piovided m oiclcr to help them to imple¬ 
ment the new sehemes as fully as possible. 
It is difficult to convey the. spmt of the 
approach to physics and chemisti y teaching 
which is envisaged tlnough the piinted 
woid or even the spoken woid; what is 
icquued arc practical examples of the 
approach. The Depailment have, tlierc- 
foie, sponsored a film, which has been 
produced by Educational Films of .Scot¬ 
land, to tiy to show leacheis what the new 
teaching involves. This him, entitled 
‘Physics for all’, has been shown at many 
meetings ol teachers and has leceived a 
great deal of piaise. 

In addition, several anuses have been 
held at all the Colleges of Education in 
Scotland The lntciest of teachers m 
these couiscs has been so great that up to 
the present every one of them has been 
largely over-subsciibod and it seems 
likely that courses of this nature will have 
to lie piovided for some little lime yet 
At these comscs, in which University 
teacheis have also collaboiated, a rnimbei 
of school teachers who have actually 
woiked with syllabuses have described 
their experiences, and those accounts have 
been most valuable. 

Shortly after the physics syllabus was 
issued, the Secretary of State for Scotland 
set up an Advisory Committee on Physics 
Teaching under the Chairmanship of 
Dr. S.C. Curran, the Diiec.lor of the Royal 
College of Science and Technology, 
Glasgow. The Committee, includes re¬ 
presentatives of the universities, the Central 
Institutions, the Colleges of Education, 
teachers and the Department. It has done 
valuable work in reviewing apparatus, and 
in making recommendations about the 
layout and equipment^ school laboia- 


toiies, and about the rcciuitment of 
teacheis. 

The Dopaitmcnt have issued me.mo- 
landa about the teaching ol vaiious 
sections of the physics and chemistiy 
syllabuses, and these have been sent to all 
schools lice of charge. We have been 
greatly helped by the, NulIicUl Scottish 
Physics Team, membeis of which wiote 
some of the physics memoianda. 

The Scottish Blanch of the Association 
for Science Education has also taken a 
leading part in piomoting the acceptance 
of the new schemes by devoting a good 
deal of its annual meetings in the last two 
yc.us to a consideration, of the syllabuses 
and a display of suitable experiments. It 
has also ananged atca meetings in cliffei- 
ent parts of the eountiv, and members of 
the Association have helped in the produc¬ 
tion ol the memouuula dealing with the 
chemistry syllabus, 

The Education Authoi ilies have natu¬ 
rally a large part to play in rnsui iug the 
success of the whole opeiation. In the 
majoiily of eases they have acted gcnmitts- 
ly in the matter of piovision of now equip¬ 
ment requited for the teaching of the 
syllabuses, and some Authorities have, 
icsponded well to the Department’s sugges¬ 
tion that laboratory technicians and assis¬ 
tants should be appoint! d m. older to ease 
the burden which the changed emphasis 
on practical work would place on teacheis. 

Such is the- interest of the teaehei s them¬ 
selves in tlie new syllabuses that groups 
have been formed up and do clown the. 
countiy to discuss the. teaching of viuious 
sections, and to work out cxpeiiments to 
illustrate the couiscs, and in some areas 
associations of science teacheis, already 
existing, have been infused with new life. 
It is indeed not too much to say that we 
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are living through a period of a renaissance 
of science teaching. Such a period is 
a challenging one and an uncomfortable 
one; well established methods have to be 
thrown over in favour of new, and less 
well-tried ones. The fact that the vast 
majority of Scottish science tcacheis are 
prepared to face this challenge says a great 
deal for their vision, and their adapta¬ 
bility. 
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Science Teaching in Ghanaian Schools 


Background 

Following independence in 195(1, it 
became a maltei of gic.it importance that 
some action had to be taken quickly to 
improve upon the low percentage of illi¬ 
teracy and to provide the future citizen 
of Ghana with the type of education which 
would make him a full citizen of the laigci 
world and also to set the stage for 
producing the large number of manpower 
lequired foi industry and scientific agri¬ 
culture in a rapidly developing country. 
The type of education for at hieving this 
aim was seen to consist in a general 
training which was science oiientcd. 

It was lecognised that science teaching 
in Ghana had lnthcito been too theoretical 
and had been based on the learning of 
facts and definitions instead of on sound 
experimental observations; that the 
Cambridge School Certificate examination 
had played too dominant a iolc in science 
teaching and this has insulted in the rigid 
following of a syllabus leaving little scope 
for the imagination of the pupil, Also 
the teaching of science had been based on 
impoited European syllabuses which 
required the study of mateiials and the 
imparting of ideas completely divoired 
from the cxpei icnccs of the Ghanaian 
child. Most of the experiments that weic 
carried out in school laboi atones were for 
the purpose of acquiring manipulative 
skills rather than in a spiiit of scientific 
enquiry, a limited number of the same 
experiments being repeated ovci ami over 
again throughout the School Certificate 
couise in preparation foi the final practi¬ 


cal examination. The old additional 
explanation of natural phenomena still 
persists in many African countries in spite 
of long contact with Western ideas, This 
is linked up with illitcttiey. 

Picseut Altitude Towauh Education in Ghana 

The awaieness of the need foi education 
in general and science education in paili- 
cular is spontaneous and vci y gi eat indeed 
Tliote is almost 100 pci cent icalizalion 
by Ghanaian leadeis and children that 
science education is absolutely necessary 
I'm expressing a pci.son’s full personality 
in the world mound him. 

Shite lure of the Educational System 

The stages of pre-nniversity education 
(onsist of a Piinuuy-Middle Stage of 10 
veais now in the pioccss of being shortened 
to B years and eventually to li scat's, 
followed by a 5-year Secondary stage for 
the School Geriificute course and then a 
2-year Sixth Eoim Clouts*', This yrai, 
19GB, the 5-year School Cleitilicate eoutse 
has been shot toned to a 1-yeai couise. 
The present age of entry to the Prinnuy 
school is 0 years, and selection to the 
Secondaiy school takes place after B oi 
9 veuis of the elementalv siliool so that 
the nuqoiity of secondaiy school entrants 
me hi yc.us old. By a recent Govern¬ 
ment ruling, eluldieu at the top <d the 
elemental y school may also qualify lor 
selection to the Secondaiy school through 
the selective examination, so that a child 
who passes Lhtough the elementary school 
has tin ee chances of qualifying for selection 
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to the secondary school. 

The Primary-Middle (elementary) stage 
is compulsory and free and textbooks and 
writing materials are supplied fice of cost. 

There is fice supply of textbooks, on 
loan, to all children in the secondary 
school. Also half of the secondary school 
population are on government scholar¬ 
ships or bursaries. 

Government pays full fees to the schools 
for all students who qualify foi admission 
to the 2-year Sixth Form courses and m 
addition pays for them a certain percentage 
of the cost of textbooks. 

Action Being Taken foi Science Education 

The Elementary School • The teach¬ 
ing of science has not yet come fully to 
all elementary schools but science is now 
compulsory m all Teacher Training 
Colleges where future teachers for the 
elementary schools are trained. 

Also since the declaration of fee-free 
compulsory elementary education in 
Ghana, government has invited United 
Kingdom science experts to Ghana at 
various times to help in the plan for 
introducing science in the elementary 
schools. 

Experimental teaching of elemental y 
school science is now being cairicd out 
in some selected elementary schools and 
the chief agency in this programme is the 
University of Ghana Institute of Educa¬ 
tion. This programme is based on the 
curriculum developing from the United 
States Elementary Science SLudy. 

This year, 1963, an Institute of Science 
Education has been opened in our Kwame 
Nkrumah University of Science and 
Technology for the purpose of working 
on elementary school science immediately 


and latci, to extend its lesearrhes up. 
wauls to the secondaiy school. 

Science ccntics arc developing in the 
cities and huge towns wheie ehildien hom 
the highci classes ol elementalv schools 
go m 1 citation lor a few hours ol science 
each week. 

Tiie Si conduct School • Within the 
past ten years, the number of set ondavy 
schools in Ghana has increased fiom 26 
to 85. Each of the new secondary' schools 
is piovklcd with three science laborato¬ 
ries m a large science building and Govern¬ 
ment gives ail iinLiul financial grant of 
large size for the pui chase of sc lcnce appa- 
lalus. Also annual lecurrciU giants are 
given to all schools, new and old, for 
replacements and addition of apparatus, 
I,aigo sums of money have been made 
available by Government for providing 
extensions to the science, lahmatoiics of 
the old secondary schools to meet the 
demands of the expanding science pio- 
gramme. 

Textbooks and the Medium of Instruction 

Science textbooks used in African 
secondary schools aic Euiopean m out¬ 
look and unrelated to the expcilenccs 
and sunoundings of the ehildien. Some 
icscarch is at present going on in the 
universities for providing more suitable 
texts on local material So for the present, 
the child has dilliculty with his textbook 
and unintelligible memorization may be 
done unless the teacher is able, to modify 
the lexL and icplacc foreign examples 
with local ones. 

Coupled with this is the fact that the 
medium of instruction throughout the 
school is English which the child will not 
have mastered by the time he is ready for 
the secondary school. 
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The Government oi Ghana is taking 
steps to intensify the teaching of English 
m the elementary schools, and a lccent 
Government directive if‘i|iiiics that the 
medium of instiaction light horn class I 
of the elemental y s< liool should be English. 
Piioi to 19G0, English as a medium of 
instruction in the elemental y school stai ted 
only in class III. 

The Ghana Association of Same Teaclien 
{CAST) 

The Ghana Association of Science 
Teacheis is doing a gicat job to influence 
science education in Ghana ft is affilia¬ 
ted to the Association foi Science Educa¬ 
tion in Britain (A.S E.) and its pi unary 
function is the advancement of science 
education It docs not concern itself m 


anyway with matins affecting conditions 
of scivice of tcadieis. 

Sea cl anal foi Science and Technology 

A 1 ecent Committee appointed by 
Government to look into the* matter of 
pie-uni\cushy education has just repell¬ 
ed In the section of the repent on 
science education, the Committee point 
out the defects in the existing methods of 
science education and then make appio- 
pihite lecommendations. The most 
significant of the recommendations is that 
there should be established under the 
Picsident’s office aSccrctaiiat ot Science: 
and Technology to set up a cent! e tor the 
supply, pioduction and distribution of 
teaching aids and laboiatoty cqu'pmeul 
and to participate in the work of science 
curriculum development. 



Nigerian Experience 


Background 

Nigeria is a federation of four regions 
each region being responsible for the 
education of her populace. The pattei n 
of education in the federation is as follows: 

6-8 years of primaiy education 
5 years of secondary education 
2 years of sixth form work 

There is universal fiee primary eduta- 
Lion in some of the regions. Ghildien 
enter the secondary schools at the age of 
11, 12 or 13 by enlracncc examinations. 
Less than 10 per cent of the children of 
this age group gain the entry 

Science Teaching 

Science is not taught in all the Nige¬ 
rian secondary schools The curriculum 
followed is almost entirely determined 
by the requirements of West African School 
Certificate. The examining body—the 
West African Examination Council—took 
over its syllabus from the Cambridge 
Overseas School Certificate examination. 
This situation is a result of practice. 

There are two aspects of this cumculum, 
the general science and the separate scien¬ 
ces The general science is the simple 
form and is usually taken by schools which 
are beginning science or which have very 
poor laboratories. The well established 
schools, however, offer physics, chemistry 
and biology. 

One weakness in our school science is 
that the syllabus and the textbooks are 
not indigenous. For instance, in biology 


the animals and plants described in the 
textbooks are unfamiliar to the pupils 
They therefore lcsort to meninu/ation, 
This situation is gradually being aneslcd. 

A survey of the situation in schools 
showed that the factors which govern the 
study of science allecl the boys’ schools 
and the gills’ schools cuqally In many 
areas, particularly in the rural areas, there 
arc more boys’ schools than girls’, while 
m the urban areas the nunibei of girls’ 
schools compares favourably with those 
of boys’ schools. Gills’ schools lend to 
keep longer at general science and often 
offer biology as the only suente subject 
in their examinations. They also have 
mote students dropping science altogether 
than boys’ schools. 

The aim of science education in Nigeria 
is almost completely utilitarian; in fact, 
inadevertently it is geared to piovidiug 
personnel for the civil service, commeicial 
and industrial concerns. There is a gicat 
demand for science teaching in our secon¬ 
dary schools Paiculs do not want to 
send tlieii children to schools w here sc lenc e 
is not taught, or withdraw their children 
from schools where science is not proper¬ 
ly taught A candidate with a good 
knowledge of science stands a better 
chance of winning a scholarship to a 
university. In one of the regions the 
leaching ol science is now compulsory 
in all secondary grammar schools and no 
new school is allowed to operate unless 
it teaches science. 

After the live-year school certificate 
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course, there is a further two years of 
sixth form work m some of the schools. 
The syllabus is completely determined by 
Cambridge University requirements Ibi 
Oveiseas Highei School On tifieate exami¬ 
nations. 

Apart hum the normal hve-yeai .secon¬ 
dary school course there is a three-yeai 
modern school course, mainly in Western 
Nigeria and Lagos. These schools absorb 
a number of students who do not enter 
the grammar schools. The science taught 
here is of the general science siandaul 

Pwnaiy School .S 'unite 

.Science in the pi unary school has been 
taught as hygiene, nature study, and i nral 
science, The puneipal aim o( hygiene 
was to inculcate in the ehildieu the habit 
or cleanliness and hygienic living Nature 
study was, in fact, elementaly biology 
and simply physical si mire. Rural 
science was intended to teach agmullure. 
The primary school science had something 
which the secondary school st ienee lacked. 
It was down to earth, the pupils used the 
everyday things around them; their only 
laboratory was the held, and it was an 
effective one. 

There is at present a move to introduce 
in a bit-way the study ol science m the 
primary school, at a standard at which 
it is clone in the lower forms of the 
secondary schools. This has stalled as a 
pilot scheme in Eastern Nigena. In 
this region HO prnnaty schools slatted 
science in January 1!)(>H, and if funds are 
available 400 moie schools will join in the 
next live years. The problems involved 
in this scheme are the lack ol' qualified 
teachers, textbooks and equipment. 'The 
scheme rests much in the hands of those 
teachers who did science in the grammar 


no 

schools bcfoie going to the teacher training 
colleges. The government has also been 
organising refreshei courses and e\ oiling 
i lasses for more teachers, and plans to 
introduce st ienee m all the leachei tunn¬ 
ing colleges 

To popularise si ienee, die government 
plans to use institutions as places whole 
science as a way of life can lie taught to 
the masses, b) nigninsmg reguhu seieni e 
lairs and occasional lectut es. 

Pioblum 

(a) InsUI i U.lL'Nl Laiior VIOIUI s SNI> 
In vm qo vrr. Sui-.ni.i. Eoltpmi n r liei ause 
of lack of funds it lias not been possible to 
meet the even iu< leasing demand for se- 
eotidai) selmol education. ()n the .mange, 
about 30 new secondary si bools aie Inult 
eveiy yeau To tcpiip all the existing se¬ 
condary sc lmols and all the new ones w idi 
up-to-date maleiial for science teaching 
tin' cost will mu into millions ol' pounds. 

( 1 »") Snoiu a c ; r in XitiNtt Ni'aii Despite 
llu* large iiuinbei of st iem e teachei i 
from outside Nigena, only about 5‘J pn 
cent of the science teaclicis are graduates, 
The uili'odiH lion of seieni e in the piimaiy 
schools lias also inn eased the demand loi 
seieuee teaclicis ol a status lowci than 
graduates. This is a dillicull ptoblem, 
since most ol our teacher tiaiuing Colleges 
do not oiler stiente, and the leatlieis who 
go in them foi liaiuiug do not iceeive 
any science liaiuiug in schools. 

(c) CIlMUUl.UI UNI, Syt.I.AlH'sl.s ANtlTlXl- 

nooKs; In the secondary si bools llic curri¬ 
culum am! syllabuses aie geared to satislj 
the examinations. '1 'lie.sixth liirni .sj 11abuses 
are entirely dependent upon Cambridge 
and London Universities' lequiremcnls, 
which are foreign. It has already been 
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mentioned before that our textbooks aie 
foreign, (a) Equipment: To help equip 
the new schools the governments give 
special grants to be used solely to build 
and equip science laboiatones. These 
grants in most cases aie insufficient to 
build and equip the laboratories. One 


MinisUy has set up a committee to explore 
the possibility of manufacturing low cost 
science kits foi the secondary schools, 
(b) Syllabus Because of pi cssure fiom 
teachers and science oigaiiisalkms, the 
West Afiican Examination Council is 
modifying its syllabus to suit local needs. 
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SCIENTISTS YOU SHOULD KNOW 


GALILEO GALILEI—400th Birth Annivcisary 


Galileo questioned freely Ike statements of great authorities like Aristotle and Aqumos. 
His determined efforts for foregoing a break with tradition luwe earned fur him an 
honourned place m the history of science. 


I T was Galileo Galilei—and that was his 
full name—who, more than any other 
of his time, heralded the era of experi¬ 



mental science, opened new vistas of astro¬ 
nomy, and gave new dimensions to physics. 
This year marks the 400th birth anniver¬ 


sary of this great genius; it was on Eebiu- 
ary 15, 15(54 that Galileo was bom m 
Pisa in Italy. lie lived I'm 711 yeuis and 
his eventful life saw the height of scholastic 
fame as also Ids tragic end m isolation. 

loom his early age Galileo showed signs ol 
versatility which was tobetome one ol the 
most conspicuous nails of Ids pci.sonalny, 
He learnt as diverse languages as Gieek 
and Latin, and showed aptitude for as 
divergent fields as logic and liteiatuie on 
the one hand and paintings and music 
on the other. 

The fathei had desired Ids sou to hei ome 
a doctor and had actually sent him to 
Pisa for medical edmaiion, Galileo, 
however, lound inatlicmaiii s and st irnli- 
lie. experiments mote law mating. Ibs 
first major lnvuk-tlmmgh m the icalm 
of .science came in 15111! when Ins uses 
caught the swinging i lunch lamp hanging 
fiom the high ceding ol the hall. He 
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observed the oscillation and figured out 
that the swinging periods were the same 
even though the width of the swinging 
gradually became shorter and shorter 
The time recoider m this great experi¬ 
ment was his own pulse. By nature an 
experimentalist, he came back home and 
made a simple pendulum by suspending 
a boh by a string and firmly declared 
that the periods of oscillation of a pendulum 
depended on the length of the string. 
Thus started the mind that was to piobe 
seveial other phenomena later. 

Galileo neglected the study of medi¬ 
cine to immerse himself in the great joy 
of mathematics and scientific experimen¬ 
tation. At the age of 2G, Galileo was 
appointed professor of mathematics at 
Pisa It was a poorly paid job, but then 
money did not mattei much to him. Here, 
he questioned the Aristotelian principle 
that the heavier body must fall faster 
than the lighter body, and finally proved 
that the principle was wrong. Inevitably 
this landed Galileo in trouble. Aristo¬ 
tle’s personality was dominating, and his 
philosophy had remained sacrosanct for 
nearly eighteen hundred years. Galileo’s 
scientific evaluation of Aristotle’s teachings 
gave his jealous colleagues a handle with 
the result that in the course of two yeais 
he had to leave Pisa. In 1592 he became 
professoi of mathematics at the Venetian 
University of Padua, where he stayed for 
18 years. His life there was compara¬ 
tively free from trouble. 

Galileo’s reputation as a teacher spread 
far and wide in Europe. People came 
from all parts of the Continent to learn 
mathematics and science from him. In 
1602 Galileo invented the air thermometer 
and subsequently, military and geometric 
compasses. 


Ash onomical Obsei nations 

Galileo made his first telescope in June 
1609 though he was not the original m- 
vetitoi. On Janiuuy 7, 1610 he turned 
his telescope to the planet Jupiter. He 
found that it was like a magnified disc, 
and also discovered tlnee of the hugest 
satellites which appeared as shining specks 
of lighL Observing them over a few 
nights, Galileo deteimined the periods 
of rotation of the satellites nuuid the 
planet. IIis studies cleaily established 
that Jupiter was a planet like the Earth, 
with its circulating moons. Then he 
noticed tlic phases til Venus and ((includ¬ 
ed that the planet is nun-luminous but 
shines in the sun’s light. Galileo then 
tinned his telescope on to the Moon, and 
found that markings on it were actually 
shadows cast by the lunar mountains in 
the presence of sun light. One alter 
anothci, Galileo unveiled the mysteries 
of the sky. 'Die sun spots timid be seen 
cleaily, and his telescope showed lot the. 
first time that the Milky Way was nothing 
but myriads of i emote stars that sparkled 
m the telescopic view By now he had 
realized the truth of the llicoiy of Coper¬ 
nicus (1473-1543) that the earth moves 
round the stationary sun 

The Inquisition 

This was contrary to the then existing 
belief that the earth the home of man 
was motionless and the heavenly bodies 
including ihc sun moved round it. 
Trouble followed soon. The Pope and the 
priesthood weic averse to giving up their 
stranglehold on Lhe society and llie as¬ 
tronomical mysteries were among tire 
main handy tools to perpetuate their hold 
and power. In 1615 Galileo had to 
appear as the accused before the Papal 
Supremacy and was found guilty of 
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supporting the Copcrnican theory and 
propagating it. 

Thoroughly humiliated and dejected, 
and with the memory of Geordano Bruno 
(1548-1600) who was burnt alive for the 
heresy fifteen yeais earlier, Galileo had to 
kneel down and recant. 

After Ins release, Galileo decided to 
tread on safe grounds, Eight years later 
in 1623, Barbcrini, who was a personal 
friend of Galileo and had a great rcgaid 
for him, became Pope Urban VIII, With 
this happy turn of events, Galileo took 
up astronomical sLudics once again. 

The goodwill of the Pope encouraged 
Galileo to wiitc las famous book: ‘Dia¬ 
logues on the Two Chief Systems of the 
World, i.c. the Ptolemaic, and the Coper- 
mean’ which was published in 1632, with 
Papal approval, 

But his enemies were only waiting for 
an opportunity to strike him down. They 
found in the Dialogue a ‘powerful plea 
for Gopermcanism’ in spirit. They 
cunningly put it to ihe Pope that the 
stupid character, the upholder of Aristo¬ 
telian doctrine in the Dialogue, was none 
other than Pope himself and that Galileo 
had cleverly disci edited the Pope and the 
Church. This vicious trick worked 

But, ‘perhaps out of respect for Ins age 
and infirmities’ or perhaps because the 
Pope remembered with a bit of shame his 
former friendship, Galileo •was not impri¬ 
soned and tortured, but was detained in 
Rome under suspended sentence. Ulti¬ 
mately, lie was allowed to return home at 
Arcctri, although still a pnsonei. 

During the last ten years of his life 
Galileo worked at home. In 1636 he 


published Ins ‘Discourses Concerning two 
New Sciences’, in which he disc usserl 
motion and cohesion (or lesistance) of the 
medium His argument led to the estab¬ 
lishment of eon eel formulae 1m motions 
under uniform acceleration and to the 
((inclusion that the path of a piojectile 
is a parabola provided that the medium 
did not offer any resistance or the projec¬ 
tile moved slowly enough, and piovitled 
the path was small compared to the sue 
of the Earth. Galileo also concluded 
that if resistance weie removed, a body 
projected along a hori'/ontal plane would 
continue to move for evei, 'Phis indeed 
forms a part ol the laws of motion which 
Newton enunciated about ball a centiuy 
later. 

Galileo’s eyesight began to tail at lin¬ 
age of 70 and by 1038 when lie was 74, 
he became totally blind. He died on 
January 8, 1(542 at the age of 78 

Falhei of Modem Phy.ski 

Galileo’s veisatility comprehensively 
influenced various branches of the Physi¬ 
cal Science to which he applied mathe¬ 
matical principles successfully. His 
particle dynamics, fluid mechanics, and 
astronomy brought about a complete 
revolution m the scientific concepts of the 
physical world. The great deparlui e limn 
his predecessors was his love and compe¬ 
tence for instrumentation and experi¬ 
mental verification of the laws and theo¬ 
ries winch lie propounded, Galileo is 
widely, and quite correctly, legarelccl as 
the lather of modern physics. To be 
sure, physics had graucllathcis and still 
mou: i emote ancestors, hut none of them 
bequeathed to physics, parliculaily to 
experimental physics, So much as Galileo. 


K. KAY 



Test Your Knowledge 


What advantage do many birds gain by 
flying m V-fot motion? 

As a bird flaps its wings it disturbs the 
air and leaves whirling eddies behind 
Some gregarious species take advantage 
of the upward sections of these whirls and 
each bird in the V-formation stations itself 
at the correct place so that the inner wing 
obtains suppoit from the wake of the 
bird immediately ahead. Thus every 
bird in the flock except the leaflet saves 
energy by using the V-foimation type 
of flight. 

Whal me meleonles and melems 3 

Mcteorities arc the parts of the solar 
system (hat eventually reach the surface 
of the earth. They may be regarded as 
metallic and stony rocks of igneous type 
resulting from the break-up of a lost 
planet very much like our own. As they 
streak through the protecting atmosphere 
that envelopes the earth they are heated 
by friction to incandescence, leaving 
behind them a cloud of gas at a tempera¬ 
ture of several thousand degrees—this is 
the visible part or the meteor. Meteors 
or ‘shooting stars 5 differ greatly in bright¬ 
ness and assume various aspects. Glowing 
streaks or train are typical—appearing 
as a fine line, then brightening, fading 
again, and bursting in a final flash, Some 
make spinning flares, others split into 
several parts, a few trains consist of dust 
and smoke illuminated by sunlight. The 
larger the meteorite and the faster its 
speed, the brighter will be the meteor. 
Only the largest bodies survive the trip 
and land on the earth. 


How does a Gcign cauntci wmk ' 

The most gencial means of detecting 
and measunng radioactivity is through 
the use of the Gcigei counter. Beginning 
as a bulky laboiatory instalment, it has 
now developed into a portable, light¬ 
weight, and 1 datively inexpensive 
piece of equipment that is lcmaikably 
versatile. 

Gamma rays and some beta rays 
penetiatc the walls ol the Gcigei-Mueller 
tube, where they collide with a molecule 
of an inert gas inside it and yield chaigcd 
particles. Some of these arc attracted 
toward a metal wire 1 unning the length 
of the tube and pioduee an electrical 
impulse, which is amplified This is then 
recorded on a meter or else it causes an 
audible click in a set of earphones or a 
flash in a neon light. In the portable 
instruments, batteries supply the power 
which does these things as well as creating 
a high voltage between the wall of the 
tube and the centre wu c. 

How large can crabs grow 3 

The largest crab is a spider crab of the 
North Pacific which lives In compara¬ 
tively deep water from the coast of Japan 
to Alaska. When sketched out iL may 
measure ten feet from the tip of one claw 
to the tip of the other, the body itself 
being about twelve by eighteen inches 
across. Large rock crabs species of 
Cancer, found along the northern pacific 
coast of America and also in northern 
European waters may grow to be fifteen 
inches wide, with massive, chunky claws 
in proportion. 
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What is the cause of cm thquakcs ^ 

During the steady shrinkage nl the 
earth’s ciust gigantic fences of compres¬ 
sion develop latcially, that is, paiallcl 
lo the siulacc. Cracks called faults 
develop and persist for hundreds or 
thousands of ycais As pressure conti¬ 
nues, a slip occurs occasionally, readjusting 
the position of matcnal on the two sides 
of the fault, Such a slip may be very 
slight—a few' feet or so—yet cause cnoi- 
mous tiams of vibialions to radiate 
out through the ground iiom the point 
of slip, called the epicentei. Many 
quakes originate fai within the earth, 
causing no movement on the surface, 
although the shocks arc rapidly trans¬ 
mitted to it Quakes sometimes ac com¬ 
pany seveie volcanic eruptions. 

Why do stars twinUe while the moon does not .’ 

The stars arc so far away that all we 
can see of even the nearest stai—apart 
from the Sun—is a point of light which 
lias only one dimension—length, The 
atmosphere of the Earth with Us air 
cuirents, varying lempciaturcs and turbu¬ 
lences, affects that point of light, some¬ 
times dimming it, sometimes intensifying 
it, sometimes quenching it altogether. The 
result is a twinkle. In the cases of the 


Moon and the planets, we see not one 
single point of light but a perceptible disk 
made up of an infinite numbei of points 
of light. When any one of these mlinite 
points of light is affected by the atmos¬ 
phere, others are not, and we see there- 
foie, a steady image. Even the planets, 
however, when they aie seen neai the 
horizon tlnough the densest poition ol 
the atmosphere, will twinkle 

What keeps the satellite m its dibit ; 1 

A combination of velocity and giavi- 
tational pull keeps the satellite m its orbit. 
Let us take the Moon as an example, 
The Moon moves mound the Earth at 
a velocity of 5,350 feet per second. 
Each second, gravitation pulls itlowaicls 
the Earth about 1.1!) of an inch ft 
might be said that the Moon falls aiound 
the Emil), hut it will not fall to the Kaiih 
unless its forward motion .should dimi¬ 
nish. 

An artificial satellite at a height of 30(1 
miles, will be pulled towaul the Earth 
about 14 feet every second, but it will also 
move forward about the Eailh about 5 
miles in that same time. The combina¬ 
tion offoiwaid motion and fall will balance 
each other and keep the satellite in its 
mbit until its velocity is diminished. 



Science notes 


SCALE WEIGHS SUBSTANCES WHICH 
WEIGH ‘NEXT-TO-N OTI-IIN G’ 

MEASURING instrument so sensitive 
that it can detect the weight 
difference if two words are added to a 30- 
volume encyclopedia has been developed 
for commercial use in the United States, 

Known as the ‘Model 701 quartz-crys¬ 
tal miciobalance’, the device can even 
measure the weight of the ink lcpresented 
by two woids. Developed by the Westing- 
house Research Laboratories, Pittsburgh, 
Pennsylvania, the device is so simple to 
operate that these sensitive measurements 
can be made routinely by unskilled per¬ 
sonnel 

The machine, which weighs only 8 5 
lb. (3 8 kg,), is expected to find many 
uses in various space-age industries such 
as molecular electronics. This involves 
manufacture of complicated apparatus 
of such minute sizes that components are 
invisible to the unaided eye. 

For example, an entiie radio amplifier 
can be made on a wafer the size of a small 
com. 

In related experiments, scientists at the 
Westinghouse Research Laboratories are 
using ultra-high vacuum chambers to 
produce films only 10 atoms thick. It 
would take 250,000 of these films to equal 
the thickness of a newspaper page. These 
films can be weighed with the new scale. 

The microbalancc determines weight 
by measuiing changes m mass deposited 


on a crystal sin lace. The mechanism 
determines the weight of that mass by 
measuiing changes m resonant frequency 
of the 11 ystill. 

NEW ANTENNA MAY HEAR AERONAUTS' 
SMAI I. RADIO ON 'I III. MOON 

Scientists in (duncoid, Massachusetts, 
arc making plans lin a radai-iadio tele¬ 
scope antenna capable of nveiving 
signals fiom a small radio updated by 
Projet l Apollo aslionaiits on the moon. 

The U.S. Air Force also is conducting 
rcscauh with smaller antennae for track¬ 
ing satellites and otliei spacecraft from 
its nearby Sliawbcny Hill field station, 

l)r, Allan Cl. St hell, a civilian scientist, 
heads the antenna puijcol. Ue is being 
assisted by Dr L. ,J. CHiu of the Massachu¬ 
setts Institute of Technology and other 
specialists. 

Their latest device is a indio-radar 
antenna composed of 220 square plates 
of aluminum fastened to veiLieal pipes. 

The plates are arranged in the form of 
an ellipse measruing about 70 by 120 feet 
(21 by 3(5 metres). Unlike conventional 
antennae which move as a single unit, 
each live-foot (I .fi-metre) plate can he 
adjusted individually in any desired direc¬ 
tion from vertical to 45 degrees. 

Dr. Schell says, extensive experiments 
with his antenna so far have shown good 
lesults at the radio frequency of 1,400 
megacycles. 
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A new anangemcnt of antenna plates at Concoul, Massachusetts, 


lie believes his radical design will be 
extremely accurate, yet inexpensive com¬ 
pared to the large conventional ‘dishes’ 
now in use. 

The largest movable dish is a 300-ft 
(90-metre) diameter radio telescope at the 
National Radio Observatory in West 
Virginia. The laigest fixed dish antenna 
in the world is being completed at Arecibo, 
Puerto Rico, by the Air Force and Cornell 
University of New York. It is a 1,000-ft 
(300-metre) bowl set in the ground and 
topped by a movable focusing device. 

Plowever, even these two antennae arc 
not expected to be sufficiently accurate 
to back spacecraft at the enormous dis¬ 
tances involved in exploring the solar 
system. 

Because it is impractical to build even 
larger dishes or rod-shaped antennae, 


new methods must be found to allow for 
deeper electronic pi olios into space. 

Ur. Schell believes the new ‘multi- 
plate’ sysLcm may be the answer. 

I-Ie and his colleagues have designed 
a giant version of their experimental 
model which, when linked with sensitive 
amplifiers, should be able to hear signals 
generated by a hand-held radio on the 
moon, some 240,000 miles (348,000 
kilometres) distance. 

If this antenna should prove successful, 
U.S. astronauts would not have to carry 
along heavy, bulky transmitting equip¬ 
ment in their Apollo spacecraft which 
scientists hope will land on the lunar 
surface by 1970. Instead they could take 
along portable communications equip¬ 
ment which might be part of their 
pressure suits. 
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MAGNESIUM FOUND IMPORTANT IN 
HUMAN METABOLISM 

'■'Recent findings of the importance of 
magnesium in human metabolism have 
prompted a study by United States 
Department of Agriculture nutrition 
specialists 

Their studies indicate that the chief 
biological role of magnesium is as an acti¬ 
vator of many impoitant enzymes. 
These enzymes are involved in muscular 
activity, neive conduction, glucose use 
and the synthesis of proteins, fats, carbo¬ 
hydrates and nucleic acicl. Magnesium 
metabolism is found closely related to 
that of potassium, calcium and phosphorus, 
but its relation to endocrine functions 
was not established. 

Human requirements of magnesium 
seem related to protein intake, since as 
protein consumption increases magnesium 
need is also increased. Using this rela¬ 
tionship as a guide, researchers have 
developed estimates of daily magnesium 
requirement (based on normal U.S. 
protein consumption) as follows: Children 
up to ten yars, 150 mg; pre-adolescents, 
250-300 mg; young women, 300 mg; 
young men, 400 mg. 

The researchers point out that adequate 
magnesium intake is not a problem for 
normal persons on an adequate diet, but 
maintaining magnesium equilibrium 
might be a problem when amounts of 
several related nutrients are limited. 

LONG LIFE ELECTRIC BATTERY 

A long-life electric battery which 
draws power inexpensively from harmless 
bacteria has been developed in the United 
States. Known as a ‘Biological Fuel 
Cell’, it has a theoretical life expectancy 
of more than 50 years during which it 


produces electiicity continuously. The 
cell harnesses the energy of thousands of 
bacteria inside it and makes this energy 
available in the foim of electricity, 

A pilot model of the cell—which 
produces enough eneigy to power a tran¬ 
sistor radio, a small light Inilb rn a minia¬ 
ture motor- -has been designed for 
educational and dcmonsti alion pm poses 
in schools or for use by students and 
hobbyists in home experiments. This 
model, developed by the Electron Molecule 
Research Company of San Antonio, 
Texas, is foi sale aL $ 1G.95 by the Bulk 
Disti ibuling Corporation of Tacoma, 
Washington. 

The developers aie now designing a 
compact, easily pm table, hut mine power¬ 
ful model fm use in the less developed 
nations which need inexpensive, long- 
lasting powci sources. Still other models 
are planned as private sources of electri¬ 
city for homes, aiiports, raihoad signals, 
electiificd fences, stand-by supply for 
business and industry, at isolated locations 
such as buoys, or for use on long space 
voyages. 

The main components of the model 
are 12 plastic containers, about the size 
of medicine pill bottles or small ink bottles, 
filled with brown powdered rice husks. 
Shipped with the unit from the manufac¬ 
turer comes a bag full of bacteria—which 
arc, microscopic oiganisms similar to 
yeast or bread mould. These bacteria 
are then mixed with watei and the rice 
husks. The husks decompose as the 
bacteria ‘feed’ on them. Electric energy 
resulting from this process is picked up by 
a strip of copper which serves as a positive 
connection, or ‘anode’, for the electric 
current and a strip of aluminium which 
serves as a negative connection or 
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‘cathode.’ These metal connections pro¬ 
trude from each plastic container and arc 
joined by wue to the radio, light bulb 01 
motor to be supplied with elccti irity. 

Even the developed arc pu/v.lcd as to 
precisely how die new pioccss works. 
Scientists believe electin' eneigy is piodue- 
ed eithei by the decomposition of organic 
mattei or through a by-product emanating 
from the bacterial action on oiganie 
mattei. 

The model units have no switch for 
turning the power on 01 oil' because elec¬ 
tricity would keep on being pioduccd 
even if a switch were in an ofT position. 
Besides, continuous opeiation has no 
effect on the cells’ life or efficiency. The 
unit is self-contained, needing no outside 
connections and emitting no noticeable 
odoms, but each cell eontamei lecpiires 
an opening foi air intake 

Once assembled, the unit needs no 
attention except occasional refilling with 
rice husks and watei for the thousands of 
mdustiious ‘woiker’ bacteria which 
reproduce themselves indefinitely. 

NEW ANTI-MATTER PARTICLE DISCOVERED 
BY U S. SCIENTISTS 

U.S. Scientists have torn another new 
particle out ol the atomic nucleus 

It is an elusive bit of anti-matter that 
has no electrical chaige and a lifetime of 
about one ten-billionth of a second. It 
is called the Anli-XI-Zcro. 

The particle is so rare that scientists 
could not discover it by chance. Because 
it was piedicted by theory, they were 
able to arrange an elaborate seiies of 
experiments with the world’s most powerful 
‘atom smasher’ to feriet it out. 


The discovery was made by a team of 
Yale Umveisity and Biookhaven (New 
Yoik) National Labmatoiy physicists. 
They reported then woik m the August 
15 issue of ‘Physical Review Letteis.' 

Anti-mattei is composed of the coun¬ 
terparts of ordinary matte), for example, 
anti-piotons instead of pintons A fun¬ 
damental theoiy of physics says that foi 
evciy known elemental) particle then- 
must be an anti-pai tide 

Foi the cxpci iment, scientists aoce- 
leiated a beam of anti-proton particles 
aiound the huge oval tiaek of Lhc Bionk- 
liaven Laboiatoiy’s syneluotion luaehme 
and sidetnickcd them into a bubble 
chamber. Heie they collided with 
ordinary protons, leaving a visible ttail, 
The physicists had to take 300,000 photo¬ 
graphs of these collisions to ‘observe' the 
production of lluec Anti-XI-Zeios. 

Because the new pai tide lias no electri¬ 
cal chaige it does not leave a liark in 
the chamber, nor do the pai tides it. bieaks 
down to. Howevci, the subsequent, 
decay does leave tiaeks. The presence 
of the Anti-XI-Zcio was deduced fiom 
this chain of events. 

The new particle is one of some 35 
subatomic bits physicists have discovered 
with powerful accelerator machines since 
World War II. Most of the work has 
been done in the United States but with 
the help of visiting F.mopean scientists. 

The scientists noted that any new parti¬ 
cles found in the futuie would requite the 
start, of entire new families of these fun¬ 
damental building blocks of matter. 
Several such new families have been 
postulated. 

By Cl nirlrsy ufl’,S,I,S. New Delhi, 
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THE MOON AND THE WEATHER 

The age-old belief that the moon lus an 
effect on the weather—generally disc in¬ 
dited by meteorologists—has now lcceived 
film scientific support as a insult of lcccnl 
work by the Division of Radiophysies of 
Australia’s Commonwealth Scientific and 
Industrial Research Oigauisalion. An 
analysis of weather records lias lcvealcd 
that heavy rain is more likely during the 
first and third weeks of the lunar month— 
particularly thiee to five days after both 
new and full moon. 

Observations earned out by the Divi¬ 
sion some 10 years ago have revealed that 
peaks in average rainfall weie often pic- 
ceded by a shower of meteors or shooting 
stars about 30 days eailici This had 
led to the hypothesis that a significant 
proportion ol rainfall is triggered off by 
dust particles resulting fiom the impact 
of meteois on the lower atmosphere. It 
was considered that the meteoric dust 
particles acted as nuclei around which 
cloud particles could fiecze and ultimately 
produce ice crystals large enough to fall 


out of the druids and moll, appearing 
on earth as ram droplets. 

In ordn to explain the elfcci of the 
moon on lainihll, scientists of the Division 
of Radiophysies have put linward the 
tlicoiy that the moon might somehow 
deflect mctcoiic. dust away limn the 
almospheie when it is in tertain phases 
with respect to the cat tli and the sun, so 
that fewer licozing nuclei aie piovided to 
trigger off lainlall. 

The Division’s sc ientists have obtained 
suppoit for this theory fiom then observa¬ 
tion that the numlici of fi cozing nuclei 
in the atmosphoic also varies with the 
phases of the moon. 

Further support was piovided when an 
examination of ladar observations of 
meteors foi both the uni them and southern 
hemispheres showed that the hourly 
meteor rate also varied in the same way 
as lainfall, being gieatest dining the 
first and lluid weeks of the lunar month, 

By Courtesy of Austrian High Commission, 

Niw Delhi 
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in science education 


Summer Institute Programmes 


A S reported earliei, the National Coun¬ 
cil of Educational Research & Train¬ 
ing, the University Giants Commission 
and the United States Agency for Inter¬ 
national Development piopose to hold 
jointly 16 Summer Institutes for Sccondaiy 
School Science Teachers during this 
summer from June 8 to July 17, Four of 
these will be in Biology; four in Chemistry; 
four m Physics and four in Mathematics. 
Like the Institutes held last sununci, 
these Institutes arc primarily designed to 
enable the faculty members and 
participants to try out the new programmes 
of science teaching in their respective 
areas and see what new features may lie 
incorporated in the science classes of the 
secondary schools and the Pic-univcrsily 
classes in the colleges. They are to be 
taught, as far as possible, accoiding to the 
approaches developed m these new pro¬ 
grammes, i e. an investigatory laboratory 
experience will be stressed. The partici¬ 
pants will be using the text and laboratory 
equipment developed in these courses. 
Each Institute will have on its faculty 
three professors or readers from the 
Universities where the Institute is to be 
held plus two American specialists (i) 
a University Professor, who has had 
connection with conducting of Summer 
Institutes or with the writing of materials 
m America and (ii) a secondary school 
science teacher, who had had experience 


of teaching these programmes in the 
United SLates, and a participant from one 
last year’s institutes as a laboratory assis¬ 
tant. There will be one Institute in each 
subject and in each region of the country. 
The Institutes will be located as shown 
in the following table. 

An orientation seminar for Lhc Directors 
and faculty members of these Summer 
Institutes was held for a week horn 
February 10 to 14, 1964. The seminar 
was conducted by the American Scientists, 
who were brought to Delhi foi this pm pose 
and it was held at the University Grants 
Commission Building with Dr.D.S.Kothari 
as Ghaiiman, The American scientists, 
who were invited were: Dr. William 
R. Morrell, Piogrannnc Director, Summer 
Institutes, National Science Foundation; 
Di, Arnold B. Grobman, Director, 
Biological Sciences Curriculum Study, 
Dr. Allied Romcr, Professor and Head of 
Physics Department, Princeton; and Dr. 
Howard Fclir, Professor and Head of 
Mathematics Department, Teachers 
College, Columbia University. At this 
seminar, the manner in which the Institutes 
arc to be conducted was discussed at 
length and each subject gioup spent con¬ 
siderable time studying the new approaches 
and the. new content to be included in the 
Institutes for secondary school science 
teachers. In these discussion sessions a 
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SUMMER INSTITUTES TO BE HELD DURING 1964 FROM 8l'H JUNE TO 15'TH JULY 1964 


Subject! Region 

University 

Place 

Name of the Direr [in 

Biology 

1, Northern 

Delhi 

Delhi 

Dr. B.M. John, Professor of Botany, 
Delhi University 

2. Western 

Institute of 

Science 

Bombay 

Bombay 

Di. D.V. Bal, DireeLoi, Institute of 
Science 

3, Southern 

Madras 

Madurai 

Dr S. Knshnasuamy, Prolessor of 
Zoology, Madias University Centre 
Madurai 

4. Eastern 

Utkal 

Bhubaneswar 

Dr. B. Samantiai, Principal, Raveushaw 
College, Cuttack 

Chemistry 

5. Northern 

Rajasthan 

Jaipur 

Dr. R.C. Mclirolra, Head of Clicmistiy 
Department, Rajasthan University 

6. Western 

Poona 

Poona 

Dr. V.K. Phansalkar, Acting Head of 
Chemisti y Depai tmcnl 

7. Southern 

Osmania 

Hyderabad 

Dr. Subha Rao, Piintipal, College of 
Science 

8, Eastern 

Burdwan 

Burdwan 

Dr. S.K. Siddhanta 

Physics 

9. Northern 

Banaras 

Varanasi 

Dr. A.R. Venna, Professor of Physics and 
Head of Department 

10. Western 

Gujaiat 

Ahmedabad 

Dr. Y.G. Naik, Professoi o( Physics and 
Head of Depailinenl 

11. Southern 

Karnatak 

Dharwar 

Dr. N.R. Tawade, Professor of Physics 
and Plead of Department 

12. Eastern 

Gauhati 

Shillong 

Dr. P.G Mahanta, Piofessoi of Physics 
and Head of Department 

Mathematics 

13. Northern 

Kurukshetra 

Simla 

Dr, S.D. Chopra, Head, Mathematics 
Department 

14. Western 

Baroda 

Mount Abu 

Dr. (Mrs,) Indira Bhanot 

15. Southern 

Mysore 

Mysore 

Dr K. Venkatachalaicngar 

16. Eastern North Bengal 

Darjeeling 

Dr. S.R Das Gupta, Plead of the Depart¬ 
ment of Mathematics, North Bengal 
University 
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skeletal programme, was worked out for 
the institutes, 

As was the case in 1963, the Institutes 
are being jointly sponsored and financed 
by the University Giants Commission, 
the National Council of Educational 
Research & Training and the Teachers 
College, Columbia University Education 
Team of U.S.A I.D. 

Programme m Ahmedabad 

Dr. K.B. Shah of the Physical Research 
Laboratory writes to state that the 
Committee for Impiovcmcnl of Science 
Teaching aie completing the PSSC course 
for a group of 10 selected students in 
Ahmedabad and a general science pio- 
gramme in class X, which has been 
cauied out in 3 schools. They aie also 
introducing new appioach to the teaching 
of Algebra in class VIII, About 600 
students of 50 different schools m Ahmeda¬ 
bad will take pari in the experiments this 
year, This group is writing its own text¬ 
books in Gujarati, to lie used in this 
project, 

Mi, Koneri, Science Teacher in the 
Karnatak Government High School, 
rcpoits that he can teach but a small 
portion of the CHEM’s content, he studied 
last summer, because lus classes only inn 
upto 10th standard However, his entire 
approach to teach is different. This 


applies not only to his teaching of 
Chemistry, but to the other aspects of his 
science teaching. He is able to incorpo¬ 
rate much of the investigatory appioach 
in his classes 

Mew Dclhr, An Association of Biology 
Teachers of Delhi was formed on February 
29, 1964, About a dozen teachers 
gathered at the Hat court Butler I lighei 
Secondary School, New Delhi, at the 
invitation of Sri S.M Sharma. After the 
formal inauguration of the association 
Miss Katherine Bolton of the St. Thomas 
School gave a demonstration talk on 
respiration, She showed some simple ex¬ 
pel iments to develop the main concepts, 
All the experiments were easy to peiloim 
and could be done m a short time Miss 
Bolton was a participant at the Summer 
Institute in Biology, held at Madras in 
June 1963. The aim of the Association 
is to meet at least onto a month m any 
one school and exchange ideas and discuss 
common ptoblems. The emphasis 
will be on new trends of biology teaching, 
teaching aids, instructional materials, 
etc. The members may also undcilake 
one-day field trips. This is a good 
beginning and it is hoped mine biology 
teachers will join this hand of pioueeis. 
It is also hoped that teachers in other 
disciplines will also meet for similar 
purposes. 
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UNESCO Mission on Science Education 


UNESCO MISSION ON SCIENCE EDUCATION 

The Unesco Mission on Science 
Education (secondary stage) arrived on 
December 23, 1963. Following arc the 
membeis of the Mission: 

1. Prof. S.G. Si-iapovaeko. 

2. Prof. Stepan Balezin 

3. Prof. Olga Sazonovo 

4. Prof. E. Lyapin 

5. Prof. L.S. Atanasian 

6. Prof. G. A. Protasovsky 

7. Prof. V.A Yakoliev 

8. Prof. R. Buchsbaum 

9. Prof. Paul Harmon Kirkpatrick 

10. Prof. Filatov. 

11. Shri Bandopadhyaya 

After preliminary discussions with the 
officers of the Ministry of Education, 
Members of the University Grants Com¬ 
mission, officers of the Council and Subject 
Experts from Universities and officers of 
the Department of Science Education, the 
Mission visited various Centres in two 
batches. The first batch accompanied 
by Dr, M.C. Pant, visited Lucknow, 
Allahabad, Calcutta and Bhubaneshwar. 
The second batch accompanied by Dr. R.H, 
Dave, visited Ajmer, Bombay, Mysore 
and Madras. Both the teams had dis¬ 
cussions with the Education Secretaries 
and Directors of Education and they 


visited a number of secondary schools and 
teachei tiaimng colleges. The team 
returned to headquarters on January 20, 
1964. They will be submitting their 
report to the UNESCO. 

The team of experts left Delhi on 
March 10, 1964. 

WORKSHOP OF BIOLOGY TEACHERS 

A one-day workshop of Biology teachers 
of Higher Secondary Schools in Delhi was 
convened on Januaiy 12, 1964 at the 
Department of Botany, UmvcrsiLy ofDelhi 
The workshop was inaugurated by Shri 
Raja Roy Singh, Joint Director, National 
Council of Educational Research and 
Training. Seveial panel members including 
the Chairman, Prof. P. Maheshwari and 
some teachers spoke on the various aspects 
of biology teaching in a secondary school. 
This was followed by a frank discussion 
of the outline, the approach to the text¬ 
book, and the difficulties experienced by 
the teachers in the classroom, in the 
laboratories, ai the examination and with 
the administrators. Earlier, the teachers 
had been sent copies of the pic-publication 
pamphlet and three more cyclostylcd 
chapters. 

The results of the discussion are being 
utilized as feed-back for some revision of 
the chapters, 
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The copies of the pre-publication 
pamphlet have been widely distributed to 
all high and higher secondary schools in 
the country, to Extension Service Centies, 
educationists, experts and others, The 
booklet contains a questionnaire to elicit 
the leaclions of the teachers, Replies to 
the questionnaire are pouring in. These 
will be analysed and the views will be 
taken as feed-back foi any furthei revision 
of the text. 

SCIENCE TALENT SEARCH 

The Test for this Scheme was held on 
February 23, 1964 (Sunday) thioughout 
the countiy. There was a veiy good 
response from all the States and Territories 
of India. The chief feature of this year’s 
examination was that the students weic to 
write a Project Report. A booklet was 
(nought out giving details oiHow to develop 
a Project Report. The candidates wcic 
given the option to answer the essay paper 
in English, or in one of the 14 regional 
languages. The Science Aptitude Test 
was set in English and the questions were 
of the multiple choice type. On the basis 
of the results of the written examination, 
about 2000 candidates will be called foi 
an interview at different Centres in India 
Finally 350 candidates will be selected foi 
the award of Scholai ships and the next 
200, in the order of ment, for the award 
of Certificates of Merit only. The selected 
students will be assisted as far as possible 
to get admitted into institutions of repute 
for studies leading towards B.Sc degree 
in basic sciences. 

Theie is a pioposal to hold workshops 
for the selected candidates in which they 
will be brought into contact with leading 
scientists and teachers in the universities. 
This will give the awardees, encouragement 
and sharpen their thirst for knowledge. 


GENERAL SCIENCE TEXTBOOKS 
Workshop of Authors 

The Workshop of nuthois foi writing 
General Sc mice Textbooks for classes 
VI to VIII was held at the Department 
of Science Education foi three (lays, from 
January 1-3, 1964. Slid Raja Roy Singh, 
Joint Diiecloi, N.G.E.R.T., inauguiated 
the Workshop. The group discussed the 
guidelines for the willing of General 
Science Textbooks pieparrd and circulated 
to the pat ticipants earlici, A number of 
chapters from the textbooks, foreign as 
well as Indian, were read out as illustra¬ 
tions ofgood lessons in support of the items 
included in the guideliness. 

The gioup was of the, view that the 
approach of the books should be modern. 
Fads of inhumation should not be stated 
foi information only but to develop 
concepts and principles of science, to 
raise questions, to lay emphasis on observa¬ 
tion, experimentation, exploration and 
projects which can be easily undei taken 
with the help oi improvised apparatus. 
The new spirit of science, the discovery 
method, should be given due impoitance 
in the writing of the units. 

Five sample chapters wuitcn by the 
participants wcic read and discussed. It 
was felt that all the sample chaplets were 
on the old model and must be re-wntten 
from the point of view already discussed. 
The chapters weic thoroughly criticised and 
methods of improvement were suggested. 

A plan for the guidebook to accompany 
the textbook for class VI was also dis¬ 
cussed. To start with, the participants 
will write chapters for the General Science 
Textbooks for class VI. The participants 
again met in March. 
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The Place of Science in Primary 
Education. Pkrkins, W. (ed.) The 
Biitish Association for the Advancement 
of Science. 3 Sanctum y Buildings, 
Great South Sheet, London S.VV 1. 1962 

T his is the proceedings of a conference 
oigamwd in Scptcmbci 1961 under 
the Tlutish Association for the Advancement 
of Science and the Association of Teachers 
in Colleges Depaitment of Education. 
It is a collection of the verbatim icpoits 
of the addresses to the eonfeicnee session 
and the papers and summaries circulated. 
The chapters deal with : The ease for 
bringing science into the pi unary school, 
mathematical principles in prnnaiy edu¬ 
cation; liaining for learning through 
investigations; learning through wider 
experience; the example of primary 
schools in Bristol, the development of 
primary science teaching in an induslnal 
city, finding out problems associated with 
providing facilities for jumoi children, 
ancl one school solution; children seeking 
answers and the needs of practising 
teachers. An attempt has been made to 
sum up the discussions in the final chapter. 
As Sir John WoLfcnden, Vice-chancellor 
of the Reading Univeisity has remaikcd 
in his opening address ‘. . .it is possible 
to harness the inquisitiveness of the youngs 
before they have had the edge of their 
sensibilities dullened by the banality of 
dull facts constantly repeated. It is also 


possible to harness their ceaseless activity 
to what might lie called the elements of 
scientific lupothesis-niaking namely 
guessing games. 

. .if (the teaeliei) could auange to 
combine the inquisitiveness and tin* 
activity and the leadiness to make a guess, 
then something quite dose to the elements 
of the scientific altiluch will have been 
aoqun ed.’ 

The book is a vei \ useful lefeieuce book 
for piimaiy siliool sclentt leadins, 
teacher ecliuators and school adnimisiia- 
tois 

General Science: Books 1,2,3, and 4. 
WiNimiUGi. Clnuu.is, Srlioenlield and 
Sims Ltd., Iliuldeislifld. (iipuulod lbldj 
sli. It.6 eat h 

si.i of font books piosidiug a com¬ 
plete eouise in geneial sciem e tin 
11 to 15-yciu old pupils oi aseiage .mtl 
aboveaveiage ability msenmehu v schools. 
The eouise envois about equal amounts 
of physics, chemisti \, and biology with 
some simple studies of mec haiiics, geology, 
asuonomy and mcteoiology, The eouise 
is pieseuted as a whole and thcie is no 
sharp division between the unions 
branches of science Refeieuces have 
been made to history, scientists and the 
applications of science in tin* home, e.g., 
industry, transport, medicine, public 
health, etc. 
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The book includes applications of 
physics and chemistiy in the home and 
woik on soils, manuies, plants, animals, 
weather, etc. 

Exeicises given at the end of the books, 
supplement the pupils’ practical work and 
experimental records. They give extia 
practice in written work, drawing, use of 
scientific terms, calculations, etc. 

The book is profusely illustrated with 
simple drawings. 

MRS S, DORAIStVAMI 

Radiation Biophysics. Andrews, 
Howard L. Prentice-Hall, Inc. Engle¬ 
wood Cliffs, New Jersey, pp. 328. 

T his book is aimed at presenting a 
working knowledge of radiation 
fundamentals to beginner students of 
science. It deals with the promises 
which the new radiation souiccs carry 
in medical diagnosis and treatment in 
research methods It also deals with such 
aspects as injury to the future generation 
through an accumulation of an undesirable 
genetic burden. Seventeen chapters in 
this book deal with basic principles of 
electronic radiation, production of X-rays, 
radio-activities, natural radio-activities, 
photon absorption, photon dosimetry, 
radiation measuring instru ments, radio¬ 
active assay, energy loss by charged 
particles, neutrons and their rea¬ 
ctions, chemical effects of radiation, 
doseresponse relations in macromoleculcs, 
radiation effects in the single cell, 
radiation effects in mammals, patholog- 
cal physiology of radiation injury, radia¬ 
tion health protection, etc. It is a useful 
book for teachers of general science. 

Chemical Bonding and the Geometry 
of Molecules, Ryschuewitch, George 


E. Rcinliold, Remhold Publishing Cor¬ 
poration, London 1%2 

inch the Sputnik, the scientists all 
over the wot Id aic woiricd about the 
explosion of scicntilic knowledge, which 
continues to take place since World War 
II. Piolcssors and lcsearch scientists in 
the world arc trying to find out some new 
methods on which various disciplines of 
science such as physics, chemistry, biology, 
etc , may be organised so that the sLudenls 
can reach the frontiers of science in a shoit 
span of fouitccn to eighteen years, in a 
school and in a college. Considerable 
work m this direction is being done in the 
U.S.A., the U.S S.R., and Euiope The 
present book is an attempt to explain the 
structure of the atom and chemical bond¬ 
ing in ionic compounds as well as covalent 
compounds The book can prove of 
immense value to teachers working in 
Indian high and higher secondary 
schools. 

Radioastronomy and Radar. Grow- 
tiier, J.G. Methuen & Go. Ltd., 
London W.G. 2 : 1958. 

T is well known that several basic dis¬ 
coveries have been made with radar 
equipment in war time. In peace times, 
however, scientists use the radar in dis¬ 
covering the existence of radio-stais. 
The present book describes the designs 
and principles of radio telescopes and tlic 
discoveries made with them. It deals 
with the origin of radar, electrical mirror, 
cathode ray tube, short-waves, the magne- 
tion, radio-telescope, radio-stars, resolu¬ 
tion, radio-spectroscopy, colliding galaxies, 
the Milliard Observatory and allied aspects 
of radio-astronomy. It is a valuable 
introduction to the science or radio- 
astronomy for beginners 

v n, wanchoo 
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Handbook of Natuve Study. Comstock, 
Anna BorAroaD. 24ed. 17lh piinting. 
Comstock Publishing Associates. Cons¬ 
table & Co Ltd London W.G. 2. 
1960 pp. xxxx 937. 

TLxrnooK on science may become 
out of date a few yeais uflei its 
publication. A good monograph or a 
review on a particulai brancli or aspect 
of leseaich woik may also become out 
of date, as science is advancing i up idly 
and new facts aic being added to om 
knowledge But some books remain clas¬ 
sics however old they may be Handbook 
of Natuie Study by Comstock is one such. 
This classic work on nature study was first 
published m 1911, and the 2-lth edition 
in 1939, has had seventeen reprints. 
The usefulness and the populnnty of the 
book can be judged by this rceoid 
This book has been used as a text, 
reference book or as general science 
information by hundreds of thousands of 
students, teachers and paicnts. 

The individual organism is studied in 
its environment, its relation to the woild 
about it and the fealuics which enable it 
to function in its surroundings. The 
subjects treated include birds, fishes 
reptiles, amphibians, mammals, insects, 
flowers, weeds, floweiless plants, cultivated 
crop plants and trees There is also a 
section on Earth and Sky, which deals 
with brooks, rocks and minerals, soil and 
soil conseivation, magnetism, the Slais 
and weather. Each subject is discussed 
as a lesson with a thorough treatment of a 
particular organism or phenomenon and 
contains a leading idea to be emphasised 
by the teacher and to be developed by the 
pupil later through personal observation. 

Nature study is an aesthetic experience 
as well as a discipline. It means a 


bmadening of intellectual outlook, an 
expansion of sympathy and a luller life. 
The duel virtue of the book lies in the 
fact that the author has succeeded in 
conveying these in her woik But ualmc 
study is also a science, Ecology is merely 
a finniulizcd nature-study. It is not rneiely 
a study of hie, but an cxpciiciu'c of life. 

The i hildren arc eagei for natuie studv 
unless it is spoiled in the teaching. But 
with a book like this in his hand any 
teacher can make natuie study very 
interesting 

The book is profusely illusliated with 
five photographs and thawings besides the* 
17 lull-page plates. It is a book which 
will be valuable m any school hbraiy 

The Hidden Life of Flowers, (htn- 
c.m it, J.M, (Tianslation from the Fienili 
text). Andrew Mcliosc, London, 195*1. 
pp. 93. 

ow does life begin?’ This is one of the 
most absorbing pioblems of biology. 
This book, The Hidden Life nj Fluweis, 
altempts to answei this question by telling 
the story of the birth of plants through a 
number of brilliant photographs, over one 
hundred m number. The pit tores show 
repioductive organs, fertilization and the 
formation of seed in several common 
plants. The text is metcly added to 
guide the study of the leader. 

Life’s Key—DNA. A Biological Adven¬ 
ture into the Unknown. IIiitmiink 
CJAiu.ii'.N M. Coward McCann, Inc., 
New Yoik: 1961. pp. 61*. 

na is one of the nucleic acids present 
in every cell in our hotly, as well as 
in the cells of all animals and plants. 
Life's Key—DJVA describes veiy effectively 
and forcefully the facts that are now 
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known about this remarkable substance, 
and the role it plays in heredity. This is 
one of the exciting areas of modern scientific 
research and the recent developments in 
the studies of DNA open wide horizons 
into the wonder and complexity of 
biology of plants and animals and man 
himself In recent researches in virology, 
biochemistry and molecular biology and 
particularly in the study of nucleic acid, 
man has moved closei to the core of the 
mystery of life, has probed more deeply, 
has moved faster and farther than through 
all the centuries that he behind him. 
That we have reached the point where we 
can study life in teims of molecules is m 
itself a marker of history bearing more 
weight to human density than the 
hydrogen bomb or our rockets into space. 

The ideas in this book are offeied in the 
light of recent evidence available from 
research laboratories throughout the 
world. 

The nucleic acids have become the 
foundations of a subdivision of science 
known as molecular biology and DNA 
is the most exciting biological discovery 
of the twentieth century. With this 
discovery a new era is opening for the 
understanding and control of the biological 
processes within the living cell. 

The salient feature of the subject is 
treated in a simple way with good illustra¬ 
tions so that even a lay man reading the 
book gets an idea of what is DNA, 
how it works, what is it made of 
(Chemistry), how is it put together 
(geometry of DNA), how it carries 
hereditary information, how do changes 
in heredity occur (mutations), and how 
does DNA help build proteins. 

Finally the author also describes a 
method to make your take-apart model of 


DNA. The subject is much more complex 
than what a leader can make out of the 
book which only serves as an intioduction 
which will awaken fuither curiosity and 
inquiry. 

Basic Ecology: BuChsbaum, Ralph 
and Milderld. The Boxwood Pi ess, 
Pittsbuigh, Pennsylvania: 1957 (ie- 
printed 1964) pp ix+195. 

he world is facing now many problems 
like population increase, depletion of 
natuial resouices, water and an pollution, 
natural calamities like Hoods, drought 
and dust storms. Wise use of land and 
our foiest resouices, conservation of the 
soil and construction of multipurpose 
dams are all matters which a citizen must 
understand and in which he must have an 
informed opinion. Foundations for such 
opinions can he built up only by a know¬ 
ledge of biology in which ecology forms an 
important part. General textbooks of 
biology do not have more than a short 
chapter on ecology. Further reading 
materials which could be used for supple¬ 
menting llie lessons in a classroom aie 
absolutely necessary. The anthois have in 
their Basic Ecology , provided us such 
thought provoking and vivid supple¬ 
mentary reading mateiial useful to biology 
teachers, and students of colleges and 
schools. 

The authors begin with a description of 
what is ecology and go on to describe the 
physical and living environments, the 
communities, succession and distribution 
of plants and animals. Important as the 
contents are the presentation and method 
of approach arc interesting and dynamic. 
They make the study of ecology very 
interesting, for after all man as a part of 
the animal world is interesting in his 




BOOKS FOR YOUR SCIENCE LIBRARY 


111 


environment, and how it afreets him and 
the other living things on earth 

The book has been neatly pioclueed 
and the lllusli aliens are execllent. 'The 
cover page has a meaning and it depicts a 
food pyramid with a vulture on top and 
above this is a heveise' pymmid of 
paiasities and microbes Tins is a telling 
way of showing how intei dependent the 
living beings aic and how the cycle of 
changes go on foi cvei. Life fiorn this 
earth and the organic maltei hark to earth 

More Simple Science. Earth and 
Man. Andrade', E.N.DA Cl. and TIuxi.ey, 
Julian. Basil Blackwell. Oxford pp 
x+342. 1949. 

he material of this hook is wnlten for 
youngpeoplc: to seivc as an intiodue- 
tion to the more specialised study ofseienc e. 
The science piesented is not a 'School 
Subject’ hut a living body of knowledge 
which intciaet with cveiything mound us. 
Many examples aic taken from the woi Id 
outside 

After describing Iiarth, its history and 
climate, chemistry of life is taken and then 
soil, agncullure, stream of life (about 
animals), and the improvement of living 
things. (Heredity, environment and 
breeding.) The last chapter on the 
‘History of Science’ gives the 1 eader 
a good account of the pi ogress of science 
and its present position. The book makes 
a good reading and the teacher and student 
will find quite a number of inteiesting 
facts in spite of the book being a do/,fit 
years old. s. dorAisvvami 

New Ways in Math. Jonas, Ar'iiiiir, 
Prentice Hall, Inr., Englewood C Hills, 
N. J : If 2.95. 

ere is a stoi y of mathematic s and why 
man bothered himself with numbeis. 


It begins with cave man’s baiteiing tuid 
tiac.es the histmy of the development of 
the subject up to the space age. The 
contiilmtion made by the Romans, the 
Egyptians and Hindus aie explained in 
simple language and me, tealh mini illa¬ 
tive and inletesting. Important e of /cm 
and its dtlferenl meanings in mathemulit s 
is explained by diflemit illusUattous, the 
use of eomputms in solving piohlems that 
face science have been explained in detail. 
Multiplication and division without using 
multiplication tables and working in 
binary mnnbets is just plain iuu, Dis¬ 
coveries made by mathematic tans like 
Pythagoras, Auliimedes, Newton and 
Einstein are explained in simple and 
lucid language. 

.Vere MVtj't in Math is a hook whit It 
till beginnets in luatliematii s should go 
thiough Young 1 cadets will Imcl 
adveutuie in eveiy page tuid know stime- 
lliitig about the hi,slot y of mathenuities 
tuid the scientisls wlio helped develop it. 

50 Mathematical Puzzles and Oddi¬ 
ties. Sc.urprutu., NmioiAs K. Faber and 
Pallet Ltd., London W, (i, 1 : pp. flit, 
12s. Gel. 

T uts little book with 50 puzzles and 
oddities will piove helpful in making 
aiithrnetie, algebta and geomelty not 
only inteiesting but also amusing and 
entertaining Tliete me 50 oddments 
in all, 25 in arithmetic, 11 in algrbtn and 
12 in geomelty. Seven miscellaneous 
oddments and answers are added at the 
end. In uritlitm tit, ‘Russian multi¬ 
plications, squaring of numbets, ust in 
divisibility, convening fractions into deci¬ 
mal flams are till mousing. In algebta 
multiplication of like signs, Fei mat’s Last 
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Theorem and ‘Directed Number Rule’ are 
sufficient enough to enliven lessons gene¬ 
rally found unintei esting and dull in class¬ 
room. Pythagoras Theorem in geomctiy 
has been proved in different ways and a 
few puzzles added to it, Finding the 
relationship between the diameter of a 
circle and its circumfei ence is all the moi e 
entertaining. 

The reasoning and the explanation of 
all the puzzles and oddities are logical 
and simple and theieforc, the book is 
recommended both for the teachers and 
the taught. 

J.N KALLA 

Basic Electricity. Abraham Marcus. 
George Allen and Unwin Ltd., London : 
1962. pp. 493. 

his book on the fundamentals of 
electricity is intended for beginners 
and presumes no background knowledge of 
physics or mathematics What is assumed 
on the part of the reader is simple 
arithmetic. It presents a content based 
on well connected concepts, the sequence 
of which has been nicely planned to en¬ 
able the reader to understand the subject. 

While presenting a new concept the 
author has kept in mind that the gap 
between the new information and what 
the reader knows is not wide, lathei the 
new ideas have been presented as an 
extension of the knowledge about 
electricity of the reader. This discovery 
method, approach and proper organiza¬ 
tion has made the book pcdagogically 
sound. 

The book is divided into six sections; 
the first one introduces the subject through 
the enquiry—‘what is electricity.’ The 
second one deals with direct current 
pohenmena, and m the third’ and the fourth 


are discussed alternating cm rent and 
generators of electricity respectively, 
Diffeient types of sources of electricity— 
mechanical and chemical and others, 
besides the most recent ones such as the 
solar and atomic type aie all dealt with 
in one section. The applications of 
elcctiicity based upon theimal, the 
luminous, rhemical and magnetic effects 
are discussed in section V. The sixth 
section deals with the electronic tube, 
transistor and their applications in 
various fields. This section constitutes 
what is generally known as electronics 
and makes this book on electricity a com¬ 
posite text. 

Mention must be made of the 
well-planned set of questions at the end 
of each chapter and v.uious useful 
glossaries of electrical tenns, units, 
abbreviations, foimulae and graphic 
symbols besides tables of essential informa¬ 
tion given in the appendices. The book 
with a good number of line diagrams and 
photographs which a reader is not likely 
to come across easily in the schools should 
be highly useful to students. 

Let’s Explore with the Electron. 

Bender, Alfred Sentinel Books Publi¬ 
shers, Inc. 1960. pp. 126. 

his book presents the theory of 
electricity and its production in a 
simple way. There aie 151 diagrams to 
enable the reader to undei.stand the ideas 
and the equipment introduced. There arc 
detailed suggestions for the reader to 
carry out some projects of his own like 
making of Van de Giaaff Generator, 
Galvanometer, Electric Motor, Photo¬ 
electric Relay and Electric Thermometer. 
Electricity can best be understood by doing 
and this book will be thoroughly useful 
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foi those begmncis who want to learn 
eleftiiutv in an eas\ wa\, 

K ]. Kill HAW 

The Mighty Atom. Ijuiun John, 
Knopf, Atari d A, Inc., l!) r n: pp. r ) ( h 

ms hook explains about the tmj and 
invisible atoms and how these, ran be 
combined to make < hemu til t (impounds 
m a simple pirtonal way. It also 
explains how the cncigj tu the leiilte 
of the atom is leleascd in an atomic bomb 
or m a nueleai powei plant. Some 
figures and pictures given mouse the, 
cuiiostty of the voting students to knmv 
moie about the things mound them. 
This hook contains duplers on the 
‘Mighty Atom ; Inside the Atom, ‘How 
atoms ate Inull': ‘How Nairn( makes 
everything fiom atoms’, M'lie power 
in the ccnLic of the atoms’ and ‘Aloinit 
fiunaecs <ui(l engines'. The aullim has 
clarified the ideas like fusion and fission 


m a simple wav. This book will be useful 
foi the students of the Indian schools, 

You and the Sciences of Plants, 
Animals and the Earth. IIhokkii. Ray, 
Children Press U.S.A: l!) r )(>, pp, til), 

in, book lias explanations of how 
the dilfeient sciences got their names 
and w hat these are, The author has ti led 
to explain in the form oft baits along with 
pit tut es the names of the spec lali/.cd 
smites and sub-stienees, and also what 
people do, who work in the spet mli/ed 
fields of these smites, The lelalioiiship 
of one Held ofsuenre to anothci and their 
mleidependent e has also been given in a 
simple way. Suences like biologt, 
geology with then ielated bunches, 
chemistiy and phvsu s mid their hi audits, 
and aslionomy whitli are ldaled to the 
tilings mound us arc dealt with, 
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Early Achievements by Different Nations 

in Science 


N.R. DHAR 

Sheila Dhai Institute of Soil Science , 
Allahabad UniveisUy 


T HE famous English historian, A.J. 
Toynbee, sevenal yeais ago concluded 
that at least 21 great civilizations 
rose and fell duiing the last G000 yeais of 
human progress. Fiom a detailed histoii- 
cal survey he was convini ed that the next 
big Woild Wai is likely to start round 
about Tibet. Undoubtedly, these civili¬ 
zations had developed arts and eial'ts 
considerably. 

Along with the Chinese civilization 
about 4000 yeais ago, tin re othei big 
civilizations, the Egyptian, the Babylonian 
and the Indus Valley, were in full swing, 
and marked progtess in useful aits and 
craftmanship was achieved. With impiove- 
ment in arts and nails, the rudiments of 
science and medicine made tlieii appear¬ 
ance. 

The invention of writing was contempo- 
raiy with the eaily days of the Egyptian 
civilization and, soon aftmvaids, li cutises 
an crafts were written and these limned 
the nucleus of recorded applied science 
Prof. J.ll. Partington, in his Oiigini and 
Development of Applied Chemnby ( 1 ,9/i /), 
has recorded the early achievements in 
the production and uses of nuineious 
inoigaaic and oiganic matciials m Egypt, 
Babylonia, Assyria, the Aegean, Asia 
Minor, Peisia (Iran), Syria and Palestine. 
He was unable to take up Indian and 


Chinese contributions as he felt that 
adequate mfoiniation was not available 
due to these couiiliics being very J'ai lioin 
Europe. 

The eminent Belgian specialist m the 
history of sciences, Pi of. G. Sarton, m his 
book '1 lie (hade lo the Ihstmy of Silence, 
has emphasized that the history of ancient 
and medieval science is hugely a liisliny 
of tradition A good deal of the achieve¬ 
ments of alchemists, physicians and (lnits- 
mcn was tnmsnutted by manual examples 
to their pupils The teaehei would say * 
'Watch me, see what I am doing and how 
I am doing it and do the, same’. Aihniya 
P.C. Ray, in Ins Ilisloiy oj Hindu Cliniustir, 
had laid stress on the same aspect of the 
development of applied science. 

Science in Dijfeient Civilizations 

Sarton has drawn the following giaph 
symbolising the prugicss of science in 
different civilizations. 

The loots of western science are 
Egyptian, Mesopotamian and to a much 
smaller extent Iranian and Hindu. The 
new arithmetic and the new liigunoinctry 
weic due to the mutual fertilization of 
two very dillercnt streams of thought, the 
Greek and the Hindu. The graph shows 
that the Arabic achievement is not only 
a continuation of Greek science but also 
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of Iranian and Hindu ideas. It is 
interesting to note that Saiton is defi¬ 



nitely of the opinion that western science 
was not influenced by the Chinese. 

llegaidmg Aialnc pi ogress, G. Sarton 
lias stated 1 ‘The best Aialnc scientists 
were not satisfied with the Gieek and 
Hindu sciences which they inherited. 
They facilitated the evolution of algebia 
and trigonometry and prepared the way 
for the European algebra of the 16th 
century. The Arabic culture is a bridge, 
the main bridge, between the East and the 
West. It is thiough that biidge that the 
Hindu numerals, sines and cosines and 
the Chinese silk, paper, porcelain reached 
Europe. Latin cultuie was western, 
Chinese culture was eastern, but Arabic 
culture was both,’ 

There is no doubt that under the 
inspiration of the Prophet and his 
followeis, Arabic culture, science and 
technology made tremendous progress, 
and have spread in the easl and west. 
Similarly, in the Buddhist period, there 
was a grand creation of new knowledge 
and its applications in India and these 
were carried to many Asiatic countries 
and took roots m the soils of foreign lands 


H.M. Leicester and II.S. KliiksLem, m 
their book Souue Book in Chemislty — 
1100-1900 (1950), have obseived : ‘With 
the decline of the Alexandi ian cultuie the 
learning of the Greeks passed by way of 
Syiza to the Arabs. They icceived ideas 
not only from the west hut also from 
India ancl China A Chinese form of 
alchemy had existed fiom almost the same 
period as the Greek, and the Chinese sages 
sought to prepare a medicine fiom which 
gold could be formed. This may have 
been the oiigin of the idea of the 
PhilosophcTs Slone, which is not men¬ 
tioned by the Greeks. In the. 12lh and 
13th centuiics, the science of the Aiabs 
passed at an increasing late back to 
western Euiopc.’ 

The astronomy of the ancients umsisled 
chiefly in observing the position of the 
heavenly bodies and the Egyptians and 
Babylonians weic intci cstecl m astionomi- 
cal observations as aids to astioiogy and 
preparation of calendars. The piactical 
needs of architecurc and surveying led 
to the study of geometry, and aieas and 
volumes were computed. Babylonian 
arithmetic was well advanced. Logic 
and interest in pure knowledge started 
with the Indians and Greeks. Biology 
began with Aristotle (4th century b.c.), 
but the practice of medicine and surgery 
was in vogue from time immemorial. 
In Egypt, as early as 3000 n c., the 
physician was highly respected. 

F. Sherwood Taylor, in his book A Short 
History of Science, 1950, lias recorded: ‘It 
is quite certain that a high state of intellec¬ 
tual development existed between 700 
ii.c. and 500 a,d. in India. In Sansknt, 
the Indian had a language capable of 
expressing with accuracy tire most subtle 
shades of meaning. The Indian genius 
was psychological and no other people has 
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evolved so systematic a vocabulary of 
teims foi the expicssion of the states of 
mind. The fust philosophical system may 
have come into being at much the same 
tim e as the beginning of the Gieek philoso¬ 
phy, namely, between the 8th and 5th 
centuiy b.c. Indian medicine had a long 
aimoury of drugs, many of which seem to 
have been potent. The teal meiit ol the 
Indian scientific cultuic is Lo be found in its 
mathematics. The Indian genius Lcndcd 
towaids arithmetic and algcbia rather 
than geometiy. The Arabs cevtainly 
gained mathematical knowledge from 
India before they had access to any of the 
gieal Greek mathematical authors’, 

Desciilnng the Chinese achievements, 
Tayloi obseivecl • ‘The Chinese culture 
arose at an caily dale which may lie in 
the region of 3000 n.c. The genius of 
the Chinese has not proved itself a .scienti¬ 
fic one, though, from the earliest times, 
they have excelled in aits and technology. 
The influence of India on China was, of 
couise, considerable. The Chinese 
mathematicians novel reached the stand¬ 
ard of their Indian teachers.’ As we have 
been now forced to be very alert about 
China, the foregoing observations arc of 
considerable significance to ourselves for 
oui uplift. 

Conti ibutinns From India 

It appears, theicfore, that in tlu: early 
days of out civilization, say about 400 
b.c:., India produced almost as good 
thinkers as Greece, We had at this time 
Kanada and Kapila whilst Greece had 
Aristotle and Democritus, All these seers 
speculated on the ultimate particles of 
matter known as atom. But, as there 
was no experimental support for their 
views, not much progress was achieved. 


Ourjivaka, about a.d. 2 and Nagaijuna, 
a. i). 750 weie perhaps better scientists 
than those existing in Euiopc up to 7lh 
or 8th centuiy a.d. specially liom the 
piaclieal point of view. 

The non pillar used m the Kutab 
Minar and those in other paits of India, 
foigeri and constmeted about the 8th 
centuiy a.d. or eailicr, consist of practi¬ 
cally pure non. They have attiacted 
universal admiration and even gieat 
modern scientists like Vial. H. Le 
Ohatehei of Palis and Sir Robot l Hadliekl 
of England have lecoided their gieat 
appreciation of this Indian achievement. 
Sir llobeit has stated: ‘Indeed it is only 
within the last centuiy or so that any 
European non mastei could have nuclei - 
taken to ptoduec such a Ibigmg.’ “The 
lesull of the analysis by him is as follows . 

Gailxm Silicon •Sulphur Phosphorus 
0.08% 0.04(5% 0,000% 0.114% 

Manganese lion Specific gravity 
nil 1)9.72% 7.81 

Simikuly, the pteparalion of caustic 
alkali and the internal use of iron atul 
mercury compounds as medicine, were 
known in India earlier than in Europe. 
But, the difficulty foi the histoiians m 
India has been aptly put by A. Sprcnglcr 
in his famous book Decline <>/ the I Vest that 
the Hindu has not recorded anything even 
if the, matter is of a gieat national or 
cultural impmtance whilst the Egyptian 
lias put down all his progress and achieve¬ 
ment. 

China and Greece 

It is well known that the Chinese knew 
of gun powder in the (ilh century a.d., 
and the use of coal before the Europeans. 
It is believed that the Chinese were good 
ut biidge building, hydraulic engineering' 
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and in enamel and lacquerware. It is 
interesting to note that the Greeks, who 
were the acknowledged leaders of thought, 
philosophy and culture in Europe, conti¬ 
nued their mental vigour between the Gth 
century u,c. and the decay of the Alex¬ 
andrian Museum in the 2nd cenluiy a.d. 
The history of the Byzantine Empire show¬ 
ed that the Hellenic world was intellectually 
stagnant for 1000 years as it happened 
perhaps in India and China. It is known 
precisely that there was no progress in 
Italy during the Roman period, but, it 
became very fertile since the renaissance 
of learning. The English mind was fairly 
bright in the 7th and 8th centuries a.d. 
but remained dormant for nearly 700 
years and started reshining in the 15th 
century. Moreovci, the ability of the 
Arabs was very apparent for 150 years 
after the appealance of Islam, but, re¬ 
mained inactive almost uptil now The 
Chinese continued their inventiveness in 
their ail. 

Aristotle was the tutor of Alexander 
the Gieat for several years in the Gouit 
of Alexander’s father, Philip of Macedonia. 
Aristotle anticipated Bacon and the 
modern scientific movement as he was a 
great pioneer in observing Nature in alL 
its phase and drawing conclusion from 
observations. Other men followed the 
easy path of speculation. His pupil, 
Alexander the Great, contributed hundreds 
of talents (1 talent is equivalent to £240/-) 
for carrying on experimental observation 
by Aristotle and his pupils who numbei ed 
1000, distributed in Greece and Asia, for 
collecting materials for his Natural History. 
This seems to be the beginning of organised 
scientific inquiry. In Egypt, at the 
Alexandrian Museum, this work was 
continued after Alexander’s death for 
some time. Unfortunately, this method 


of obtaining new knowledge by pain¬ 
staking obseivations and expenments was 
not continued in Gieece after the 4th 
cenluiy u.c The Stoics and Epic means 
only cm ed for etlucs, that Is, the practical 
question how a man should older his life, 
and neglected experimental inquiiy which 
is difficult and labonous. Thus again, 
speculation and discussion ruled the woi Id 
of learning till the cxpei imenlul methods 
were reorganised in not th-west Europe in 
die 13th and 14th centuries. Befoie this 
development, political, economic and 
religious conflicts between Europe and 
Western Asia were rife and intellectual 
effort was fiustratcd. The Semitic people 
rose against the Aryans and replaced 
Greek culture and civilization by Aiab 
influence. All Western Asia and almost 
half of Europe came under the Mongolian 
rule, but this influence of invasion did 
not last very long in Western Euiopc as 
it did m India. In the held of the revival 
of intellectual cflbris and fiecdom of 
thought, notably m die Univeisitics of 
Pans, Oxford and Bologna, Peter Abelard 
(1079-1142), Albeit us Magnus (1193- 
1280), Thomas Aquinas (1225-1274) and 
specially Roger Bacon (1210-1293), a 
clever Franciscan monk of Oxford who 
studied both in Oxford and Pans Uni¬ 
versities, played a very impoitant role. 
He insisted upon the need of experimen¬ 
tation and collecting knowledge on die 
same lines as Aristotle. He shouted to 
mankind and said ‘Cease to be ruled by 
dogmas and authorities. Look at the 
world.’ 

After the 8th century a.d. we in this 
country never carried on experiments and 
never accepled the experimental method 
of science This seems to be the main 
reason why we are backward and not so 
honest in our efforts and ' actions as an 
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European who has developed move 
method and honesty in everyday life 
We have been very unlucky because 
mvadei s came lepealedly to our land and 
enslaved us Instead of billowing the 
path of truthj progress and science, \vc 
succumbed to moral and mental slavery 
and, I am sony to say, this mental 
slavery seems to be persisting. 

Expennunlul Methods 

Dining the 15th and the 16th rentuiies, 
the expeiimental method of science was 
gradually established in Europe by 
Paiacelsus, Bacon, Boyle, Palissy and 
many others. They were followed by 
Black, Scheele, Priestley, Newton, 
Cavendish, Davy, Bei zebus, Bunsen, 


Mendelecf, Dai win, Mendel, Dumas, 
Bussingault, Eaiaday, Pasleui, Ross, Koch, 
Madame Ciuie and others who made 
liemendous saciilice in pin suing scientific 
endeavom and cxpei uncut,s. Thcw ap¬ 
plied science to all pioblems of life and 
developed their mutual rismuees, im¬ 
proved theii agiieultnre and made Kilt ope 
prospetous. Thou* was niaiked piogiess 
of science and technology lor nearly 50(1 
yeais. 

The age of modem science in India is 
appioximatcly 60 years whilst m North- 
West Emopc scientists have toiled loi 
neaily 500 yeais. Hence, we liusc to be 
patient and work hard lor out national 
uplift. 



Our Units of Measurement—II 


R.K. Palhria 
(fnivcisitj of Delhi , Delhi, 


I N the first pait (Pathua, 196--1) an 
attempt was made to review the 
sequence of steps that finally led to 
the adoption of the so-called optical metie 
as the fundamental unit of length measiuc- 
ment In the picscnt ailiclc it is 
pioposccl to discuss the ecu responding 
situation m regard to the fundamental 
units of mass and time. Fiom a stiictly 
physical point of view, wc should first 
consider the unit of time and only then 
the unit of mass. The sole 1 cason for 
the reverse ordcrcho-.cn here is that it will 
provide a decidedly better continuity 
of nai ration from the hrst article to the 
piesent one. 

THE UNIT OF MASS 

Before the time of Galileo (1564-1642) 
and Newton (1642-1727) theie wcie 
no standards of 'mass’ as such. Of 
course, theie were plenty of standard 
‘weights’ even two thousand years previ¬ 
ously From the very early times the 
beam balance, in a primitive form, was 
being employed foi the comparison of 
weights, and for many centuries it was 
intuitively, though not explicitly, assumed 
that by this piocedure one indeed com¬ 
pared the intiinsic quantities of the 
mateiials involved. The modem mail 
does indeed understand things better but 
the practical position with regard to the 
problem of comparing masses remains 
essentially the same Thus, even now 
the most practical way of comparing 


masses is no othci than that of comparing 
the lespcftive weights Having recog¬ 
nized that, the next problem one has to 
face is to define an appropriate unit 
which (mild he legal (led as the funda¬ 
mental uuiveisal sLaiiduul oi mass and 
to which all piaclical mcuMii emails of 
tins quantity could be lefciicd. 

As has aheady been desnibed in Pail 
I, the giand sthenic set out in the Fiench. 
law of 171)6 adopted one len-niilhonlh 
part ol the Faith’s quadianl as the fun¬ 
damental unit of length. A matetial 
representation of this unit was deposited 
in the National Archives and given the 
name Alette ties Atchivcs Al the, same 
time it was decided to lix ihe fundamental 
unit of mass jointly by the dimensions of 
the Earth ancl the physical piopeities of 
pure water The dcsucd unit was 
defined as the mass of one cubic deci¬ 
metre of pure water at its temperature of 
maximum density (which is vciy neatly 
4°G), and the name kilttgtamine was 
given to it. A platinum standaid intend¬ 
ed to serve as the matei ial i epresenlation 
of this unit was prepared by I.c Fevrc, 
Gmeau and Fcbiont, and was deposited 
in the Atchivcs m company with the 
Metre. Technically, this mass stand aid is 
rclmed to as the Kiltigtamine tics Atchms, 

Incidentally, for purposes of liquid 
measure, the name litre was given to the 
volume unit of one cubic decimetre; thus, 
by definition , one litre of pure water at its 
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temperaliuc of maximum density had a 
mass of one kilogiammc. 

The At chives standaid, liowevei, could 
not continue indefinitely; u had to yield 
place to the so-called Inlet national Praia- 
type Kilogramme. The stoi y of this Uansfer 
of honour fiom one standard to the other 
is precisely the same as m the ease of the 
Metre; hence, there is no point in repeat¬ 
ing it here (sec I’ait I). .Suffice it to say 
that since 1809 Lhc kilogramme is officially 
lepiesented by a fundamental piolotypc 
standaid which has been established at 
the International Bureau ol Weights and 
Measmes, Scvu-s. This standaid is m 
the lonn of a solid cylindei (made of the 
Johnson-MatLhey alloy), having a dia- 
metei essentially the same as its height 
(about 39 mm), with edges scry slightly 
rounded The ai langements loi its 
piescivalkm and foi the disposal and 
maintenance of its eopies are the same as 
foi the Piolotypc Mclie, 

With both metre and kilogiammc re¬ 
defined, it became vciy natural to cnquiic 
if one cubic decimetre of pui c water, at its 
temperature of maximum density, did 
really have a mass exactly equal to one 
kilogramme Measurements showed 
that it was not so In fact, the new 
standard of mass turned out to be 28 
parts in a million gi eater than the mass 
of a cubic clecimelie of pure watei at its 
temperature of maximum density, the 
latter being the previous definition of the 
mass standard. Thus, a lilie could not he 
( 1 ) a cubic dccimeti e and, at the same time, 
(u) the volume of one kilogiammc of 
pure watei at its tempera tine of maximum 
density. In 1901, this eonllicling posi¬ 
tion was claiified by specifically adopting 
the definition ( 11 ) for the litre, so that 
we now have: 1 litre=l .000020 cubic 


detnnctie Con espoudingly, 1 millilitre 
(ml) is equal to 1,000028 cubic cenli- 
mclic (ei). It may be mentioned iu this 
connection that the 11 th General Con¬ 
ference of Weights and Measmes, which 
met in Paiis in October 191)0, has InvlLcd 
the International Committee to study and, 
if possible, lcsolve the confusing situation 
arising due ter the aim cmenlioned diffe¬ 
rence between two neatly equal units of 
liquid measure. 

Tills YARD AN1) Till'. POUND 

It does not appear to be out ol place 
to make hoe a bud mention ol the 
lmpeiial units of length and mass and of 
then relationship with their metiie coun- 
to pails. The nnpoi lance of these units 
lies m the fat L dial l hey aie used practi¬ 
cally in all nnn-mcli ie mcasuicinciils in 
sc lent e and Lei lmology. 

Established by the British Weights and 
Measmes Act ol’lUOG and explicitly defined 
by a similar Act of 1878, the Imperial 
Standard Yard is lcpicsonlcd by the distance 
between two tiansverse graduation lines 
on a bar of sqiuu e cToss-sc< lion, made of 
biony.e alloy (known as Baily’s metal: 16 
paits of copper, 21 parts of tin and 1 
part of zinc*), when the bar is at 62°F 
and is supported on eight equally spaced 
i oilers This yard standaid is preserved 
at the Standard Weights and Measures 
Depailmcnt of the Boatd ol' Trade. 
Thoe are five pailiamonlaiy copies as 
well, which are deposited with some 
of the premier institutions of Great 
Britain, 

Repeated delei munitions, earned out 
by the National Physical LaboraLoiy of 
England, have shown that, from the point 
of view of preservation of the unit of 
length, the British standard has been 
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rather inferior to the French standaid. 
This lack of reliability was one of the 
main reasons for the adoption, in 1959, 
of the so-called International Paul, defined 
(by agreement between the United 
States and the British Commonwealth) 
through the peimanenl definition, namely 
1 yard=0 9144 metre. 

Correspondingly, we have the Imperial 
Slandm d Pound, which is represented by the 
mass of a cylindei of platinum, of diameter 
slightly less than its height, provided 
with a shallow groove round its cylind¬ 
rical suifacc (meant for engagement 
with an ivory lifting fork). The arrange¬ 
ments for preservation and foi disposal 
and maintenance of the five ‘parliamen¬ 
tary’ copies of this standard are the same 
as in the case of the corresponding unit 
of length. Again, m view of some lack 
of reliability,* and for othei leasons as 
well, an International Pound was adopted 
in 1959 This, through a permanent 
definition, equals 0,45359237 kg. 

THE UNIT OF TIME 

The physical leality to which the notion 
of time i elates is so all-pervasive that it is 
impossible to describe any human activity 
without a direct or indirect refeience to 
it. The beginning of any experiment 
occurs before its end, and the experiment 
itself is assumed to occupy a certain 
definite time interval. Obseivations such 
as this show that, for any obscrvci, the 
various physical events that take place 
in the universe can be arranged ' in an 
unambiguous order governed by the 

♦It may be mentioned, here that certain pound- 
kilogramme companions earned out at the British 
N P L., during the period 1960-61, showed that 
the Imperial Standaid Pound had increased by 
about 1 pait in 10* since 1932, when this compari¬ 
son Was last made. 


concepts of befme, aftei and simultaneous 
According to the German mathematician 
and philosophei Leibnitz HG46-1716) 
‘Space is the absLiacl of till relations of 
co-existence. Time is the abstract of all 
relations ol sequence’. 

Now, the pi unary pioblem of interest 
here consists in the selection of a standaid 
time-keeping device, with reference to 
which the duialion of any particular time 
interval could be reliably ascertained, 
Such a time-keeper could vciy well be 
the rotation (or l evolution) of the Earth, 
the oscillation of a free pendulum or of 
a fiat spiral spring, the emission of radia¬ 
tion by an atomic system, oi the vibra¬ 
tion of a crystal of quartz The most 
essential pre-requisite foi the intended 
pui pose would, of couisc, he that the 
assumption of the constancy of leeurrence 
mleival of the periodic process involved 
be sti icily valid. 

Fiona the vciy carlicsL of limes the 
rotation of the Earth on its axis has been 
the most obvious choice as the common 
standard of time-keeping And it has 
indeed proved to be a very good choice. 
In this connection, we have, liist of all, 
the solar day, which is reckoned as the 
interval between two successive transits 
of the Sun across the meridian; this, 
howevei, vanes throughout the year. 
The astronomers, ihercliiic, intioduced 
the so-called mean salat day, this was 
defined in lcfcrencc to a fictitious sun 
‘moving’ uniformly through the' ‘fixed’ 
stars, the speed of motion being equal 
to the average speed of the line Sun 
The fundamental unit of time—the 
second —was then defined as 1/DG400 of 
a mean solar day. 

Obviously, any time system based on 
the rotation of the Earth will be uniform 
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only if the rate of rotation is itself uniform, 
Howevci, h is now known that tins con¬ 
dition is not sturdy fulfilled. Using 
quartz clocks (to be, desei ibeci a liLtle 
later) as timc-standai ds, the period of 
rotation of the Earth has been found to 
show seasonal variations of the Older of 
microseconds, Tlieie is also a secular 
vanation caused possibly by tidal fac¬ 
tion It has been estimated that mu- 
astronomical unit of time has varied during 
the last hundred years by about 7 paits 
in 10 9 (theie is, of couise, good evidence 
that duung a year the unit is uniform to 
about 4 paits in 10°). 

Accoidingly, a new timc-standai cl, 
called the Ephcmciis Time , has been adop¬ 
ted, this one is based on the. period of 
levolution of the Eaith around the Sun. 
Unfoitunatcly, this again is not smelly 
constant, hence, the length of a specific 
year has been chosen. Thus, on 0< tober 
14, 1960, the 11th (fencial Confeicnec of 
Weights and Measures confirmed the action 
of the International Committee of Weights 
and Measures in replacing the older 
definition of the second by rc-dcfining it 
as 1/31556925.9747 of the. tropical 
year 1900. This decision effectively 
freezes the definition of the second in 
terms of the mean solar day of the 
year 1900, and so makes it independent 
of the secular changes in the Earth’s 
motion. It should be noted that it is 
only the second of Lhc ephemeris time 
that is now to be referred to as the second, 
Further, it appears of interest to point 
out that the new second is shorter, by 
about 2 parts in 10 s , than the pieviously 
defined second (as pci taming to the pre¬ 
sent epoch); this, however, does not 
raise any practical questions about the 
continuity of usage. 

In contrast to the standards of length 


and mass measurement, the second 
obviously cannot be kept in safe deposit 
with any institution, its l elation to the 
cunenl measuies of time has got to be 
seemed only by means of tables catalo¬ 
guing the apparent motion of the Sun. 
In practice, it is moie convenient to make 
observations on the Moon and employ 
a lunai ephcmciis (table of the predicted 
positions of the Moon) accuialcly i elated 
to the calculated motions of the Sun. 

THE LABORATORY STAND \RDS OK 
TIME KEEPING 

II would, of couise, be pieferable if 
one could have a time standard based cm 
a mechanism which is easily lcproduciblc 
and, at the same time, sufficiently relia¬ 
ble. For this, an atomic clock immedia¬ 
tely comes to mind. Such a eloik is a 
means of measuung time inlet vals in 
terms of the characteristic, periods of 
certain molecules or atoms. As is well 
known, the. liansition between the energy 
states li\ and F.« of an atomic system is 
accompanied by the emission (oi absorp¬ 
tion) of radiation having a ftcqitrmy 
given by /iv = (/f 2 —/?j), whcic/i is Planck’s 
constant. Any spectral line thus provides 
a fiequcncy v which is a physical constant; 
of course, to be useful as a slandaul it 
must fall in the range of fi cquencics which 
can be related to the laboratory osrilla- 
lois/clnrks, and it must be of a sufficiently 
precise determination and definition. 

Now, tinic-koepoi s based on the quartz- 
iryslal nsnllatois have also been in use 
for quite some time. These clocks ope¬ 
rate. with such a unifounity of rale that 
their inter-compai isons can be made 
with a precision of about 1 patl in 10 1 °. 
Two standatd quartz clocks are main¬ 
tained at the British N.P.L., where, much 
of the. pioneer woik in their develop- 



124 


SCHOOL SCIENCH 


ment was done, At the same time, an 
atomic clock based on the Frequency of 
a particular spectral lme of caesium has 
also been developed thcie. The compa¬ 
rison between the quattz clock and the 
atomic clock has also been carried out 
with an accuracy of about 1 pail in 10 10 , 
the final mean value for the frequency of 
the caesium line in question comes ouL to 
be 9.19263177 x 10° pci (ephemeris) 
Second, This frequency, being a funda¬ 
mental atomic constant, is pi actually 
unaffected by external conditions, 

It is estimated that it would take about 
ten years of astronomical readings to 
i educe mcasui ements or the second to an 
accuracy of 5 parts in 10 10 . Hence, the 
implementation of the official definition 
of the Ephemeiis Standard appears to 
require the use of at least atomic clock 
standards. One rather hopes that ulti¬ 
mately the ephemeris second will itself be 
replaced by an ‘atomic’ second, defined 
in terms of the period of an atomic clock, 
such as the caesium clock. In this 
connection, the understandable reluctance 
to break with a practice as old as civiliza¬ 
tion has got to be appreciated But a 
consideration of the precision of measure¬ 
ments and the necessity of ready reproduc¬ 
tion of slandaids alone shows that the 
present unit of time may not for long 
remain suited for advanced measurements 
of fiequencies and Lime intervals. 
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The Fungi in Human Economy 
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T HE biologist uses the tenn ‘fungi’ 
(singula) : ‘fungus’) to mt lude the 
moulds and mildews, the yeasts, the ms is, 
smuts and hunts, the mushtminis, toad¬ 
stools and puff-bulls and the like. In a loose 
way of speaking, the lay-moulds (Arti- 
nomycetes) eould also be ineludecl in this 
assemblage, for though not hue fungi, they 
are very closely related to them. The 
fungi arc colourless plants wide h cannot 
manufactuie their own food and lienee 
live either as saprophytes, hi caking down 
oigamc matter into its simplei consti¬ 
tuents and then using them fot theii 
nourishment, or as parasites, allaekitig 
othei living mgamsms and feeding oil 
them, and then impact on human eco¬ 
nomy, which is the subjet t of this at tic le, 
stems from these two aspects of then 
activity. 

Though line systematic and scientific 
study of the fungi is only about 2'50 ycais 
old, the manifestations of this group of 
organisms have been known to man for 
thousands of years—ever since the fust 
sip of fermenLcd drink and the baking of 
the fust loaf of leavened bread. But 
yet, it is surprising that even in this 
science-conscious world, where the atom 
and its nucleus are household words, only 
a few realise how intimately our lives arc 
linked with those of the fungi. It would 
be no exaggeration to say that scarcely 
a day passes during which we are not 


harmed or benefilled, dii ei lly m indirectly, 
by these organisms 

As a result of then widespread etc cm - 
leuee and astonishingly huge mnnbeis, 
the fungi plus' a voiy mipoilauL pait m 
llie slow hut constant changes taking 
pi,ice aiouiul us. The supinphstie 
fungi ate an indispensable element m 
maintaining the balance of nature. Not 
only do they act as scavenge! s by preven¬ 
ting undue and liaimful accumulation 
of dead plant and animal mailer, but 
they also euiieh the soil by In caking down 
this dead waste and inducing vaiious 
changes which ultimately lesuh in the 
release of simple substances m a form 
readily available fot the sustenance of 
othei plant and animal life, thus playing 
vital role in the cycle of life on this planet. 

The saprophytic, fungi ;ue also quite 
important fiom the mduslual standpoint. 
As caily as 1 Bf>7 the French scientist 
van Tieghem showed that the common 
mould Aspn "illus nif>n could conveil the 
tannin of gall-nuts into gallic acid. 
Even today considerable amounts of this 
acid winch finds important industrial 
uses in the manufacture of inks, dyestuffs 
and other chemicals, aic piodue.ecl by 
mould fermentation. Production of 
citric, and oxalic acids by similar mould 
fermentation is also an equally old and 
well-established industry. Other impor¬ 
tant organic acids produced by mould 
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are gluconic acid, lactic acid, fumanc acid, 
kojic acid, itaconic acid, etc., and these 
are obtained mostly from species of the 
common moulds Rhizopus , Aspergillus and 
Pcnicillmm. During the two world wars, 
moulds weie used for fat production by 
the Germans with considerable success. 

Vitamins and enzymes are also produ¬ 
ced by some of the fungi in laigc quanti¬ 
ties. Enzymes like amylases, catalases, 
pectolytic enzymes, etc., and vitamins 
like riboflavin, vitamin B 12 and vitamin 
D are now produced on a commercial 
scale by fungal fermentation in many 
countries including oui own, 

Alcoholic fermentation by yeasts and 
other moulds Iras been known to man 
from the earliest times. In the Vedas 
and other ancient literature, we find men¬ 
tion of soma , a ritual alcoholic drink. 
Starting as a crude process, the technique 
of feimentation has now been refined 
into a scientific and well-clevelopcd pro¬ 
cess, furnishing a wide array or alcoholic 
products useful to the scientist, industria¬ 
list and common man alike. 

The most important and spectacular 
products of fungal fermentation, how- 
evei, are the antibiotics Sir Alexandei 
Fleming’s chance discovery of the anti¬ 
biotic activity of Penicillium in 1929 and 
the subsequent chain of events which 
led to the isolation, purification and com- 
merical production of penicillin are loo 
well known by now to need special 
mention. Spurred on by this discovery, 
investigators in many laboratories 
embarked on an unprecedented search 
for similar antibiotics, and as a result, wc 
have today a large number of antibiotics 
available for combating diseases of man, 
animals and plants. The later dis¬ 
covered and more powerful ‘broad spec¬ 


trum’ antrbioLics like streptomycin 
chloromycctin, aureomycin, teiramycin 
iiotycin, neomycin, etc., are. the products 
of the ray moulds (Actinomycetes) which 
are not true fungi but closely allied to 
them Today, many lactones all over 
the world arc devoted In the production 
of these antibiotics which have proved 
to be the most powerful weapons in 
mankind’s unending fight against disease. 
In our own counti y wc have a number of 
factoiics, both in the public and private 
sectors, contributing their share. The 
latest addition to this giowing family 
of antibiotics is Tlamycin’, a product of 
the government spornsored Hindustan 
Antibiotics Ltd., Pimpii, The antibiotic 
has been found parliculaily useful against 
skin diseases caused by fungi. 

The glbbcrcllins and gibbercilic acid 
arc a gioup of remarkable growth-pro¬ 
moting substances produced by the 
fungus Gibbcrclln fujikuroi. Both in labo- 
rntoiy experiments and in actual practice 
these hormonc-likc substances have given 
spectacular results in increasing the size 
of plants and hints, inducing early and 
abundanl flowering, production of seed¬ 
less fruits, incicase in the amount of active 
principle contained m medicinal plants, 
etc. Seveial manufacturers aic at pre¬ 
sent producing gibbercilic acid and the 
gibberellms in marketable quantities by 
using feimentation techniques similar 
to those employed for the production of 
penicillin and other antibiotics. 

Many of the larger fungi arc edible and 
have, been used by man as food and 
medicine since prc-historic times. In the 
Orient, particularly in China and Japan, 
fungi have been esteemed for centuries 
as delicacies and also as remedies for 
various ailments, The ancient Romans 
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Apart from their direct utilization as 
articles of food, the fungi also suppoit 
several food industries. The baker uses 
yeast as ‘leaven’ to make his biead, rakes 
and pastries rise Sevcial vaneties of 
cheese like ‘Clamembeil’, ‘Rorquckn l’ 
etc., owe their fine flavour, texture and 
distinctive ‘marbling’ to the giowth of 
mould, mostly species of Penmllium or 
Aspeigillus. ‘Food Yeast’, usually mat- 
keted in the foim of pills 01 small cakes 
is particularly rich m vitamins and is 
used as a food supplement to pi event oi 
cure deficiency diseases It is the product of 
the yeast Tondopsts ulihs, a fungus closely 
related to the bakers’ and brewcis 1 yeasts. 

However, all the activities of fungi 
are not beneficial to mankind. The 
paiastic fungi exert consideiablc pi'cssme 
on human economy as the causal agents 
of plant, human, and animal diseases. 
Even the saprophytic fungi, whose activi¬ 
ties in the mam are beneficial are respon¬ 
sible for great damage, particulaily in the 
tropics, where they cause widespread 
destruction of food, timber, fabrics, lea¬ 
ther and all other goods made of material 
easily susceptible to their attack 

Plant diseases vie with plagues of 
insect pests and unfavourable weather 
for pride of place as the greatest hazard 
in man’s continual struggle to feed and 
clothe himself. Food-deficient countries 
must aim at maximum production; 
countries with surpluses must try to 
adjust pioduction. 

A sudden and widespread outbreak of 
plant diseases constitutes a great handicap, 
which man must have felt almost as soon 
as he started cultivating plants for food 
or clothing. Reference to losses caused by 
plant diseases ‘ ■ “due to pestilence, blast¬ 
ing and mildew.is found in the Bible. 


The writings of Theophi astus and Pliny 
show us that fioni about 700 n.c. fungal 
plant diseases wei e i ecognr/ed as the 
‘gicamsL pest of nops’. The Romans 
believed wheal rust was due to the anger 
of the god Rnlngus and held annual 
ceiemonies in piopilialinn. Plant diseases 
caused by fungi have continued their 
destmeLive raieeis through the centimes 
and still constitute a sennits menace to 
crops all ovet the wot Id The potato 
famine in Iieltmd in lIMS which caused 
wtdespieud niisnv resulting in the death 
of over a million persons and the emigra¬ 
tion of more than a million and a half 
otheis, was due to the late blight disease 
of potatoes which bioke out on a large 
scale. This had also an important 
historical repci mission in tliaL iL led to 
the repeal of the tout laws Outbreaks 
of‘downy mildew’ in the Fiench vineyaids 
resulted in severe setbacks to the wine 
industry of that counliy. ‘Chestnut blight’ 
affected the timber industry in the United 
States to a veiy large extent. In our own 
country, as elsewhere, fungal diseases like 
rusts and smuts of wheat and barley, smut 
and red iot of sugar cane, blast and leaf 
spot of rice, and others lesult m substantial 
losses year after year, Plant diseases 
may be annihilating, limiting, devasta¬ 
ting, debilitating or disfiguring and might 
destroy standing crops, eliminate crops 
fiom certain areas, force substitution of 
low value crops foi high value ones, 
weaken crop plants and reduce yield or 
disfigure and thereby reduce the maikcl 
value of plant products. In addition to 
the actual damage they cause, plant disea¬ 
ses also levy a tax on the farmer and glo¬ 
wer in the cost of preventive and control 
measures or by the limitations imposed 
on the kinds and varieties of crop plants 
which can be grown m particulai areas, 
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It would be impossible to give accurate 
fjguies of financial losses due to plant 
diseases in all impoitanl agricultural 
countiies, but undoubtedly it must run 
into billions annually Plant diseases aie 
very important factors in decreased food 
production and the concomitant inn case in 
cost of food This is a n itical problem in 
those countiies where Ihcie me shoilagcs 
and can become uiinous in an increas¬ 
ingly populous woiltl In the present 
context of explosive iatcs or population 
increase all ovei the woild, plant diseases 
caused by fungi and their conltol aic 
bound to be vital factois In any nation’s 
economy. 

The fungi also cause several diseases 
in man and animals. These are collective¬ 
ly termed ‘mycoses’ by the specialist 
They may be supcilicial skin infections 
like ‘ringworm’, ‘dhobics’ itch’, ‘barber’s 
itch’ or ‘eczema’, or more deepsealed 
infections like ‘Madura Foot’. Some 
fungi are also responsible for systemic 


or chronic infections like ‘Histoplasmosis’ 
which may sometimes even be fatal. 
Cattle, poultry and even household pets 
often develop mycoses due to infection by 
vaiious species of these fungi. The very 
an that all ol us bicathe often tallies a 
heavy load of fungal spines insulting in 
various kinds of alleig'ies like luiy fever 
and asthma. 

To sum up, thciefore, the activities of 
the fungi are in many ways intimately 
linked with human welfaic and economy 
and, as said befoie, there is perhaps scarce¬ 
ly a day dining which we ate not bann¬ 
ed or benefited, directly m indncrtly, 
by these organisms, In futuie loo, the 
vaiious activities of the fungi aic bound 
to extend into cver-mcreasing fmitful m 
harmful fields as vet unknown, As an 
eminent mycologist has latently stressed, 
whether we continue in our sutcessful 
utilization of their potentialities or 
whethci we fail and musclves pci Mi, 
depends on us, not the fungi. 
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T HE avian eggs are good storehouse of 
viLamins and piobably they are the 
only food material wheie most of the 
vitamins arc picsent in veiy good amounts, 
As eggs supply all food materials to the 
developing embryos, it is naturally expect¬ 
ed that all macro- and micro-nutrients 
must be present in eggs. The vitamin 
content of eggs is quite variable depending 
on a number of factors, such as breed of 
birds, nature of poultry diets, season of the 
year, and health and environmental condi¬ 
tions. Of the ingested vitamins present 
in the diets a part is utilized by birds to 
maintain various physiological processes 
and the rest is stored in liver and muscles. 
During the time of egg-laying the liver’s 
store of these excess vitamins are diawn 
upon for deposition in eggs, Hence by 
feeding birds with vitamin-rich diets the 
vitamin content of eggs can be suitably 
raised to the benefit of consumeis The 
dislnbution of various vitamins in eggs is 
generally influenced by then solubilities. 
The fat-soluble vitamins arc concentrated 
in the yolk which contains all the 
fats of the egg, The water-soluble 
vitamins occur m both yolk and 
albumen. 

Vitamin A 

Vitamin A keeps eyes bright, skin 
smooth and promotes growth, This vita¬ 
min is present in the egg to the extent of 


about GO International Units, Because 
of its vitamin A content the egg cures 
xciophthalmia and improves gimvth As 
it is a fat-soluble vitamin it is exclusively 
picsent in the yolk. The yolk is a bcttei 
soui re of vitamin A than any other natural 
food of animal migin except liver and 
butter fat. Some preemsois of vitamin A, 
which arc convened in the body into 
vitamin A, are also present in the egg yolk 
Grasses, alfalfa, and yellow maize often 
fed to laying lnids provide huge amounts 
of eaiolenoid pigments including a good 
amount of vitamin A piccuisois. A diet 
rich in these substances fed to laying 
poultry leads to production of eggs con¬ 
taining considerable quantities of actual 
vitamin and its precut sms. Hence it is 
commonly believed that Highly pigmented 
yolk is lich in vitamin A. The summer 
eggs contain more vitamin A than the 
winter eggs. Moreover, the first eggs of 
laying seasons aie richer in vitamin A than 
those laid at the close Though the 
vitamin A content of the egg is vaiiable, 
three to five eggs a day aie sufficient to 
meet the human rcquii emonl ofvilaniinA, 
if eggs arc the sole source of this vitamin. 
Vitamin A is fairly heat-stable at 100°C 
and is more readily dcsti oyed by oxidation 
and sunlight than by heat, A partial loss 
of vitamin A occurs when eggs arc cooked, 
Cooking for 7-10 minutes perhaps destroys 
as much as 40 per cent of this vitamin. 
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Vitamin D 

Vitamin 1) ensuics sliudy bones mid 
good teeth and pi events rickets This 
vitamin is present m the yolk of the egg to 
the extent of about 40 InLei national Units, 
and hence eggs cine tickets in inlands with 
beneficial efl'ccls on calcilication. In fact, 
the egg is second only to lisli oils as a 
souice of vitamin D. The variation of 
vitamin D content of eggs is believed to 
be due chiefly to the vaiialion in the 
amount of dncct sunshine hens receive 
and the level of vitamin D in the pmdliy 
lation Exposing hens to artificial 
ultraviolet light is a fairly good practical 
means ol raising the vitamin D content of 
the egg and sometimes ten-fold inci ease in 
anti-i achitic activity of hen’s egg is thus 
obtained The summer eggs aie nunc 
than four tunes as rich in vitamin I) as 
the winlci eggs. The cooked egg is 
probably equally as valuable a source of 
this vitamin as the raw egg. Boiling lor 
20 minutes destroys little or none of the 
vitamin. One egg in the diet contt Unites 
about lb per cent of the daily lcquire- 
ment of Lliis vitamin for a growing child 
or a 1101 mal adult. 

Vitamin E 

Vitamin E is said to be essential for 
noimal reproduction m men and animals. 
Eggs aie found to ensure good reproduc¬ 
tion, The egg’s vitamin li content is 
about 430 mirrogiamines. 

Vitamin K 

Anlibcmorrhagie vitamin K or mena¬ 
dione is essential for proper fenmatiem of 
prothrombin and hence for normal blood- 
clotting. In the egg, vitamin K amount¬ 
ing to about 42 microgrammes per egg is 
mainly concentrated in the yolk. Hard- 
boiled yolk gives protection to chicks 


sulTciing fiom vitamin K-deheiem v, ImL 
the albumen docs not Like all ollici 
vitamins its ccmLent in the eggs is vanable. 
depending upon the level of this vitamin 
m the hen’s diet. The eggs laid in laic 
winter and in caily spung contain less 
vitamin K 

Thiamine 

Vitamin Bi or thiamine pi events poly¬ 
neuritis, promotes slicing nerves and tones 
heart muscles. The lien's egg’s entire 
content of thiamine is couccntinted in the 
yolk and the albumen has no anlineuiilic 
propci tics. The average thiamine t ouieiit 
of Lhc yolk is 90 mic rograinmcs Eggs 
laid by biids on thiaminc-iit h rations aie 
two to tince tunes i it her m tins vitamin 
than eggs of birds oil lluamhic-pocu diets. 
White Leghorns lay eggs containing 
considerably nioie thiamine than tho.se of 
Rhode Island Reels or Barred Plymouth 
Rocks. This vitamin is somewhat heal- 
labilc, except in acid solution, (.looking 
reduces sligluly the egg’s content of tins 
vitamin. Storage al low temperature over 
a month does not appear to ieduce 
thiamine content of the eggs. An average 
egg piovidcs appioximatcly 5 per cent of 
the daily lequircmenl of tins vitamin of 
an adult man. 

Ribtiftavin 

Vitamin B 3 or riboflavin is essential for 
a healthy mouth and prevents dermatitis. 
Riboflavin is picscnl in both yolk and 
albumen. The average concentration of 
riboflavin in the yolk is BO iniciogrammcs 
while albumen contains about 125 mitio- 
gi amines. Although iibollaviii is des¬ 
troyed by light, it is heat-stable The 
activity of this vitamin is retained in 
cooked eggs. 
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Biotin 

In the hen’s egg there are 8.5 miCLO- 
grammes of physiologically active biotin 
present m the yolk. Albumen contains 
about one-fourth of this amount and 
biotin, in combination with avidin protein 
of the albumen, remains entirely inactive 
there. When the egg is cooked biotin is 
released from the avidin-biotin complex 
Raw albumen contains avidm in sufficient 
excess to inactivate the biotin of the entire 
uncooked egg and of other food materials. 
The egg white injury characterised by an 
eczematous dermatitis accompanied by 
denudation, muscle pain, loss of weight 
and some nervous disorders may occur 
due to legular intake of raw fresh egg 
albumen. Albumen coagulated at 65°C 
is less toxic than raw egg white. The 
toxic properties disappear completely 
when albumen is heated at a temperature 
of 80°C for 5 minutes. 

Othei Vitamins 

Inositol promotes healthy skin and hail. 
In the egg its concentration is high and 
the avetage value is about 12 mg per egg. 

Pyridoxine promotes musculai lelaxa- 
tion and the egg is a faiily good source of 
pyridoxine. The average egg contains 
about 125 microgrammes of pyiidoxme 
which is nearly equally distributed in yolk 
and albumen 

Folic acid protects against anaemia but 
eggs are poor source of this vitamin, since 
each egg does not contain more than 5 
microgrammes of this vitamin. Similarly 
vitamin G or ascorbic acid which increases 


resistance to infection and pi events scuivy 
is present in eggs m vciy minute amount. 

Niacin piomotes digestion, ensures 
strong ncivcs and healthy skin How¬ 
ever, niacin content of the egg is about 
31 mif rug famines present mostly in the 
albumen. Hence ail egg supplies a very 
small percentage of the adult man’s daily 
need. Niacin of eggs is stable and not 
dcstioyed much during either cooking or 
spray chyiiig. 

Pantothenic acid forms a part of co- 
enzyme A, an impoilaiit compound of the 
body. The whole egg contains about 610 
microgrammcs of pan to theme acid mostly 
in the yolk. Its content in eggs can be 
easily raised by feeding hen pantothenic 
acid-nch diets. This vitamin appeals to 
be heat-stable. 

The hen’s egg contains about 250 
iniciogtamines of choline present mostly 
in the yolk and it is, therelbrc, one of the 
l'iehcsL known source of tins vitamin, It 
is contained in lecithin, an essential 
phospholipid of the body. 

Vitamin B l2 is an aiili-anacinia vitamin. 
Its content is about 390 millimiciogrammes 
present mostly m the yolk. 

The egg is a highly concentrated food 
because of hs gieat variety of nutritive 
substances. When consumed, the egg 
aids in maintaining health of normal 
adult, in promoting giowth and develop¬ 
ment of children and in restoinig the 
depleted body reserves of the convalescent. 
In the treatment of various disorders due 
to deficiencies particularly of vitamins and 
minerals the egg is an essential diet. 
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T HE woik to make hylnid maize seed 
and othei hybrid seed for farm and 
gardens is an outstanding achievement in 
the application of the science of genetics 
to agucullure. This dcvelo] ment has 
changed the agiicultuial economy of pio- 
giessive countiies all ovn the world. 

Hybridization of maize enables the 
cultivatoi to obtain seed of a type which 
shows extra vigour and gives more piodue- 
tion over either of the parents. 

The unique system of piodiieing seed 
on only a poilion ol the maize plants 
giown in a field lcqunes an cntiiely 
difTcienl eoneepl in seed piodnetion. 
The mbi'ccls must lie grown in sib isola¬ 
tions 200 metres or mine hum any othei 
maize, the gieater the distance the better. 
The single-crosses also must he produced 
in isolated fields, a distance of 200 mclics 
from oLher maize. The planting lalio m 
single-cross isolations is two rows of male 
to four rows of seed patent. Then the 
double-cross fields must be isolated. The 
isolation may be reduced if additional 
borclci lows of the pollmatoi paiciit aie 
used according to the Seed Clcitilication 
Standards 

Get tilled Seed is said to be the start ol 
a big yield. Using your own hybrid 
maize seed will result in a poor yield, 


because the hybrid vigoui is lost alter the 
double-cioss. In mdci that the maize 
farmers geL really high yielding maize 
seeds, the production piogrannne is being 
checked. There are inspections in the 
seed piodnetion holds and in the seed 
pioiessmg plants, also gciminatioii tests 
by tiained seed analysts in olhtial seed 
testing laboraloiios 

You may know that the only hylnid 
seed available is piodmod anew eaih 
yeai by detasseling one ol two single- 
nosses. The piodiution of hylnid maize 
\anetms lias been one ol the most notable 
developments of the 20th t cmiIui y, and 
the plant breccias am busy developing 
new hybrids all the lime. 

1 lybiid maize has the ability to oulyield 
local varieties Adequate fertilize],s‘ when 
applied will increase yields ol the loud 
varieties as well as the hybrids Imt the 
hybrid maize lias the ability to yield Iwo 
to several times the amount of the dm 

The hybrid maize can be used as 
poultry and livestock feed. In areas where 
maize is grown, it is generally taken as 
lood by the people. It is also used in 
textile and chemical industiics, Ilyini- 
dizulion is used not only with maize but 
in also other crops to increase quality and 
yield- 











Exploring the Indian Ocean - " 


N.K.Pamkkar 

Director, Indian Programme of the International 
Indian Ocean Expedition , New Delhi 


[The Into national Indian Ocean Expedition is a great co-opei alive endeavour m which 
about twenty couiilnes have provided mote than 40 vessels to cinisc the different pails nj the Indian 
Ocean. The research conducted by the Expedition is designed to 1 observe, describe and possibly 
explain the emulations oj ocean and atmosphere and exchanges acioss theii interface as well as 
the chemical composition and distribution aj the living organisms in the ocean and the bottom topo¬ 
graphy and coastal structure' of its largely unexplored ocean which constitutes one-seventh of the 
earth's surjace. There arc reasons to believe that gigantic deposits oj oil, natural gas and almost 
all kinds of minerals Uc beneath the ocean Jlonr which could be added to the world's supply. The 
programme was first discussed and organized by the special committee on Occanu Research <j the 
International Council oj Scientific Unions, The project Jmind support Jiom the national academies 
and scientific institutions of many countries. These countries include Australia, East Africa, 
France, Get many, India, Indonesia, Japan, Pakistan, Portugal, South Africa, the U.K.,the U S,A 
and Russia. Each country bordering the Indian Ocean had provided shore stations and personnel 
for local observations. 

India has a special interest in this Expedition because of her geographical location. The 
Government of India set up the Indian National Committee on Oceanic Research in 1000 under 
the Chairmanship oj Dr. D.ff. Wadia, Indian participation in the International Indian Ocean 
Expedition includes a programme of investigation which will cover most aspects of modern oceano¬ 
graphy which could be accomplished from the Jew vessels, earmarked for this work and with the 
equipment and trained personnel available in India for Oceanographic Research. 

The expedition will provide basic information relating to the Indian Ocean and indicate 
the material resources which could be exploited Knowledge of ocean currents will be of benefit 
by reducing cost of oceanic transportation Coastal work would throw light on problems of coastal 
erosion and sedimentation. The Meteorological Centre at Bombay will help improvement in 
weather forecast services and a better understanding of monsoons which have a large economic 
impact on the development of agriculture, irrigation, etc. The Biological Centre at Cochin will 
help in obtaining a complete picture of plant and animal life in the Indian Ocean. All these acti¬ 
vities will act as a great stimulus to scientific research and development in the field of marine science 
m the country. 

Many Indian scientists arc participating in the Indian programme of the International 
Expedition and we reproduce below an article by Dr. N K.Panikkar, Director of the Indian 
Programme of the International Indian Ocean Expedition. — editor] 

+ Reprinted from Science Reporter 1 (2) . 1964 with the hijid permission of the authoi and the editor, 
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W ELL over seventy per cent ol the 
earth’s suiface is coveied by the 
oceans. Yet it is strange that we know so 
little of what is beyond the surface and the 
marginal seas, The sea has played a gieat 
part in the history of nations, their 
economic development and the dissemina¬ 
tion of cultures and civilizations from the 
dawn of history. Il has been a great link 
between distant lands, but at the same 
time it has been an effective barnci bet¬ 
ween countries and continents. Man’s 
conquest of the sea thiough piogicssivc 
development of water-transpoi t is a story 
by itself, hut equally fascinating is Lhc 
way in which the secrets of the ocean have 
been discovered through tireless efforts of 
maune scientists dining the last hunched 
years. A renewed awakening in sLudies 
of the ‘inner space 1 , more conventionally 
called oceanography, is now taking place 
all ovei the woilcl with mote scientific 
effoit and ships cliiccted to oceanic 
explot ation 

Scientists interested in ocean studies 
met at the First International Oceano¬ 
graphic Congress, held in New Yoik in 
1959, which witnessed the emeigenccof 
this blanch of human knowledge as an 
international science. They then had 
an opportunity to exchange thoughts on 
the paucity of information relating to 
the Indian Ocean whose furthei cxploia- 
tion has been suggested by the Special 
Committee on Oceanic Research at their 
earlier meetings The project took a 
more precise shape during the New York 
meeting • several working groups were 
formed which developed the programmes 
under various disciplines to be pursued 
during the Expedition. At the piesenl 
time Indian Ocean is receiving more 
scientific attention than has been given 
to any other part of the world oceans 


at any previous time It has blazed new 
trails in international st lencc following 
the valuable gains obtained m a 
similar co-opeiative scientific endeavour, 
tiie Intel national Geo-physical Year, 
launched dining 1957. 

Altilti-jValioneil Kjjorl 

With about twenty countiies expected 
to take part and with ncaily forty ships 
cruising the different sectors of the 
Indian Ocean, the Expedition started 
in 1962 will go on through 1965. I n 
this majen vcnluic in oceauogiaphic 
lescaiehcs well overlive hundred scientists 
from all palts of the world aic colla¬ 
borating. The peak pci loci of activity is 
1963-65. Now is the time when pielimi- 
nary lesulls obtained eluting Lhc eatlicr 
emiscs arc being utilized to fiame more 
critic al and detailed piogi ninnies of investi¬ 
gations to he attempted in the following 
yeais. 'Flic piineipal persons connected 
with the project will meet silently al the 
UnuSco IIcadc|uartei s m Pin is, to exchange 
notes, i eview the pi ogress made so far 
and formulate a system of exchange of 
scientihe data collected by vauous gioups 
in an cfioit to build up an integiated 
knowledge of the Indian Ocean 

Why the Indian Ocean ? 

It is often asked : why is it that the 
Indian Ocean has been pai ticularly chosen 
for such detailed studies? AparL from 
its being less known than the others, the 
Indian Ocean lias several features of great 
scientific interest. It is the only major 
ocean which is landlocked on the noilh 
and is not connected to cither Noith or 
South Pole like the Pacific or the Atlantic. 
The system of oceanic circulation is 
thus shbstantially different. The diffe¬ 
rential heating of the land and water 
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masses in ilic noi them Indian Ocean has 
been the probable cause ol violent atmos¬ 
pheric circulations manilesLecl in the 
monsoons ancl tropical cyclones. The 
change in the monsoons witnesses the 
complete reveisal of the diiecLion of wind 
and currents twice dunng the year in 
many parts of the Indian Ocean. It is 
often sard that the Aiabian Sea which is 
more subjected to the influence of the 
monsoons than probably any other part 
of the Indian Ocean is a umtpic held- 
laboiatory for the study of atmosphciic 
and oceanic circulations, where many 
theories could be tested by liclcl obsciva- 
tions. 

Theones apart, monsoons have a great 
influence on the economy of the counliics 
aiound, and an accurate knowledge of 
then formation, onset and duiation aic 
of the highest value. Neatly onc-limtlit 
of the human race lives in counliics 
bordering the Indian Ocean in a low 
degree of economic, development and 
often m perpetual uiidcr-noui ishmeul. 
In the exploration of this oceanic icgion, 
we have the economic incentive of looking 
for untapped lisheiies and mineral resour¬ 
ces The fisheries which aic usually 
considered pool in the tropical watcis, 
which are not replenished by natural 
circulation as it prevails in the tempe¬ 
rate latitudes, might still be found in 
great abundance in legions subjected to 
up-welling of the nutricnt-ladcn waters 
from below. Such fishery lesourccs as 
yet unutilized may well exist in certain 
areas of the Indian Ocean. The conti¬ 
nental shelves which adjoin many coun¬ 
tries are quite wide and economically 
capable of exploitation; they may foiin 
areas of useful mmeial wealth and even 
petroleum. Apart from these, oceanic 
studies by themselves might bring to 


light new raw mateiials and souircs of 
energy capable of development and 
utilization. 

Some knowledge ol the geology of the 
Atlantic and the Pacific has been gained 
dining lecent yeais Very little is known 
ol the. Indian Ocean legions. Even the 
simple hathymeLiic chat Is indicating 
bottom topography arc woefully incom¬ 
plete The difference in the crustal com- 
position ol the ocean Horn of the Atlantic 
and that of the Pacific is now established 
and explained on the basis of the postu¬ 
late that the moon lias separated off 
front the eailli at the region wlieie we now 
have Lhc Pacific'. The land-masses which 
at one time in Lhc: geological past lemamcd 
connected, have ('tumbled, luokeii and 
drifted, the boundary lelalions of tile 
geological floor with the land, submerged 
lands and islands, ancl the composition 
ol ocean deposits and sediments, aie some 
ol the means of rcconstiacting the p.isL 
lnsloiy. Geological and geophysical 
techniques developed during lcccnl yeais 
have opened many new methods of study 
of Lhc. ocean llooi-complex, which will lie 
applied to the Indian Ocean investigations. 

The Piogiamtnc 

The Indian progiannne for the Expedi¬ 
tion lias been piepared by the Indian 
National Committee foi Oceanic Re¬ 
search. Attempts will be made to begin 
work in all the major disciplines of oceano¬ 
graphy. This is a young science in 
India. Our lesmuces in ships and 
personnel arc necessarily limited. Modem 
occanogiaphy involves the. use of well- 
equipped ships, advanced instrumentation 
and highly tiainecl peisonnel. A sea¬ 
faring tradition, a well-established navy, 
and a prospeious mei chant naval and 
fishing fleet have enabled other countries 
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to woik ia this Held with gieater facility 
and support. In all these fields we have 
yet to go far. Not enough men from 
Indian universities having adequate basic 
training m the related sciences are readily 
available to lake to the arduous work on 
the ships But these difficulties aie being 
fast oveicome. The stimulus given by 
the International Indian Ocean Expedi¬ 
tion and the activities of the Indian 
National Committee for Oceanic Research 
have enabled the country to frame pro¬ 
grammes of Indian participation commen¬ 
surate with our needs. The naval frigate, 
INS ICnlna which was being used as a 
tianring ship, has been commissioned 
for the Expedition and specially equip¬ 
ped for oceanography of distant waters. 
The fisheries rescaich vessel RV Vanina , 
operated by the Indo-Norwegian Project 
and equipped for fisheries oceanography, 
will be used specially to study coastal 
waters. A number of fellowships in 
oceanography have been awaided by the 
Government of India and the Council ol 
Scientific and Industrial Research Quite 
a few special fellowships have been secured 
for training Indian scientists in special 
disciplines at research institutes in advan¬ 
ced countries and also in the research 
vessels belonging to the USA, the UK and 
the USSR. Two persons have received 
special training in instrumentation 
techniques Most of the experienced 
personnel working on problems connected 
with oceanography in Defence, Fisheucs 
and University organizations have been 
co-operating in the execution of the 
Indian programme with equipment 
newly acquired by various organizations 
with the help of the Indian National 
Committee and also with that provided 
generously by the Unesco. 

The first scientific cruise of INS Kistna 


was inauguiatcd m October U)G2 by 
Prof. Humayun Kalm, the their Union 
Mrnisicr for Scientific Resemch and Cul¬ 
tural Affairs, atrd since then she has 
completed 15 cruises covering well over 
300 stations m the Arabian Sea, the Bay 
of Bengal and noitheru Indian Ocean 
up to the Equator The Indo-Norwcgian 
PiojccL Vessel, Vanina , has in 1962-63 
covered nearly 400 stations, mainly in the 
western coastal aicas Indian vessels with 
the experience of earlier ciuises and 
improved equipment will puisne the 
programme dining 1%4 and 1965. 
While to otlici countries the Expedition 
is something which will taper off by 1965, 
to India the Expedition is a continuing 
national activity, the location of the 
counliy nr the Indian Ocean making 
India’s destiny inseparable from the 
happenings ol the seas that wash her 
shores. 

Inlet es ling Finding i 

Some of the results obtained by the 
participating ships aic as follows, (these 
should not lie taken as final results but 
only as indicating cm i cut thinking on 
some of the problems under investigation). 

US Vessels . The two United States 
Research Vessels —Algo and Horizon — 
made extensive geological studies of the 
ocean flooi during 1962, They were 
concerned also with pioblenis of oceanic 
currents. The need for this lias arisen 
from an important diseoveiy made some 
years ago ol the existence of a strong 
equatorial under-cun ent in tin: Pacific 
below the surface at considerable depth, 
running eastwards counter to the surface 
current. This current, called the Crom¬ 
well Current after its discoverer, has been 
demonstrated in both the Atlantic and the 
Pacific. Is the development of such a 
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circulation possible in a partially closed 
system like the Indian Ocean? The 
observations are that if such a current 
exists at all, it is not so piononnccd, urn 
of such magnitude as m the Pacific or the 
Atlantic. 

The United Stales Programme has 
received impetus with themenl arrival of 
the research ship, Anion Bunin, m Bombay 
in Mai eh 1963 and her Hi st muse stai- 
ted on the Bay of Bengal coast hum 
Pukel (Thailand). She did a series of 
stations between the Andaman Sea, the 
northern part of the Bay of Bengal, 
Visaldiapatnam and Madias The 
findings of interest aie that, as judged 
hum the amount of fertilizing substances 
brought to the surface of the ocean, the 
Andaman Sea and the head of the Bay of 
Bengal are rich in fish and could probably 
support considerable fisheries, while the 
rest of the Bay does not appear to be so 
productive. More areas remain to be 
explored and at other seasons as well. 
India has great interest in finding new 
fishing giouncls because the pi cscrtl pi oduc- 
tion of sea fish in the Bay of Bengal is 
only about one-fourth of the total Indian 
sea-fish production. Another finding of 
interest by Anton Bntun as seen from the 
profiles of the sea flooi taken by precision 
depth recorders is that, as one approaches 
Visakhapatnam fiom the northern side 
of the Bay of Bengal, there ai e. three deep 
canyons of about 1300 -1.300 metres depth. 
These depressions into the sea have not 
been lcported before. One of the geo¬ 
physical findings limn Aigo is the diffe¬ 
rence in. the east-west pressure gradient 
in the Indian Ocean. In the Pacific and 
the Atlantic there is a tilt towards the 
east, i.e., the sea surface slopes down 
towards the east along the equator. A 


giadient of the same magnitude has been 
obseived in the Indian Orean, but the 
tilL is exactly in the leverse dneclion, 
ie, wrstwaid Is this lilt eonstanl oi 
vanable aeemding to seasons? In 
Jimr-Septembri theie is no evident e 
that the diiec turn of giadient changes, but 
data for the olhei seasons have vet to lie 
obtained. All these point to the need 
for more study. AnoLher ship, Allnnlii, 
is now on muse of the southern pail, 
moie US ships are expected lo visil India 
in 1961 and l%. r >. 

Soviet Vessels : The Soviet lcseaich 
ship, Vilyaz, had done some ci msiiig of (he 
Indian Ocean in 1960-61 and has accom¬ 
plished more detailed woik for the expe¬ 
dition in 1962 This ship has a veiy 
comprehensive piogiammc rovciing 
physical, biological, geological, rheiniral 
and geophysical aspects of rese.ueh and, 
being a huge ship, she is able to lake about 
SO to 60 scientists at a tune. The detailed 
findings of Vityaz have not come out as 
ycl, bill ilicy have indicated the existence 
of huge patches of oxygeii-fice water aL 
considerable depths in the Aiabian Sea 
and the Bay of Bengal. The oxygen-free 
water, of course, means that theie is no 
plant or animal life in it and often these 
areas arc charged with considerable 
quantities of hydrogen sulphide. What 
aie tlie reasons fen the foimalion of such 
banen areas m definite pockets of the 
Indian Ocean ? 'Phis has lo he leviewecl 
against the findings ofsimihu /ones south 
of Arabia by the John Murray Expedition 
eatly in the thii ties. Only fill tiler work 
can answer sonic of these problems, but 
some scientists have not been slow to 
speculate that at least some of them have 
a beaiing on the complex process of forma¬ 
tion of oil deposits. The Soviet ship also 
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collected nodules of manganese fiom 
great depths and it is a matter of mystery 
how these are formed in the depths of the 
ocean. 

UK Programme • The mam part 
of the United Kingdom programme in 
biology started this year wiLh their new 
ship RRS Discovery which is now working 
in the Arabian Seaj but some work of 
great interest to geology and geophysics 
was done in 19G2 by IiMS Owen. These 
relate to the geological formation of the 
sea-bed between East Afiica and India 
where existed the Gondwanaland which 
had m the geological past sunk into the 
ocean. It is piobably too early to discuss 
these results, but the trends of researches 
indicate that some of the older concepts 
may require revision, particularly the 
mode of formation of the island groups, 
Seychelles and Mauritius. 

Cruise of Kistna : The Indian work 
during 1962 and 1963 has been mainly 
in the field of physical and biological 
oceanography and meteoiology. I.NS 
Kistna went round a very large number 
of stations in the Arabian Sea right up to 
Socotra towards the west and to the 
equator in the south. She did also a 
number oT stations in the southern part 
of the Bay of Bengal. A clear pictme of 
the composition of watei masses in these 
areas is now emerging and some of the 
first obseivations on upper air soundings 
in the Arabian Sea by radiosonde have 
been done from this ship by the Indian 
Meteorological Department. Indian 
weather predictions are now based on 
overland data although weather is largely 
influenced by happenings in and above 
the sea. Maritime observations are 
augmenting South Asian meteorological 
work for the first time. To develop this 


on a firm fooling an International Meteo- 
i o logical Centre has been established 
in Bombay with United Nations assis¬ 
tance fm the specific pm pose of studying 
the laigc volume of atmospheiic data 
that would lie collected limn vatious 
ships pai licipalmg m this Expedition. 

Cliiuisr of Varuna : The second Indian 
ship, R] r Vauwa , has done valuable woik 
particularly on the pioblom of upwclling 
and fishenes of the south-west coast. 
It is not often i calmed that, like the land, 
the sea has also fertile and barren aieas. 
One such exti cmely fei tile area is that 
part of the Auibian Sea near the south¬ 
west coast of India whcic the main 
fishenes foi sat dines and mackerel exist. 
Their abundance is connected w'ilh the 
oceanography of that region, i.c., on the 
sequence of events leading to the fertiliz¬ 
ing substances being Inoughl to the 
surface by upwelhng, which means that 
wateis from the depths of the ocean force 
them upwaids and they come to the 
surface. The full story of this upwclling 
has not been understood, but ftorn the 
study of lesults obtained by the Vaiuna, 
we are getting an insight into this complex 
piocess. Wateis of low oxygen and low 
temperature from the deeper parts of the 
ocean rise towaids the siufare, between 
Mangalore and the Clapc. Comorin. This 
upwelled water may not always come to 
the suifiiee, although it docs break 11 trough 
here and there. It gives lise to a burst 
of dense growth of plant and animal life, 
called ‘plankton’, on which fishes subsist. 
The relation of upwclling to the current 
systems, the monsoon winds and other 
factors, are now being studied. 

The cruises of the. Varuna have also 
helped us to locale deep water patches of 
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sardines and mackerel which have been 
found only in sui face wntcis before. A 
large scale cffoi l will be made during the 
Expedition for finding fertile marine 
regions though the study of the density 
of the plankton in dilloient regions and 
seasons at various depths. A specially 
designed net, the Indian Ocean Standard 
Net, is being used foi collecting the 
plankton by all the ships participating 
in the Expedition, and these collections 
are brought to Ernakulam (Cochin) 
where an Indian Ocean Biological Centre 
has been established by the Council of 


Scientific and Industual Research widi 
Unesco assistance to study several hun¬ 
dreds of samples. 

Exploring the ocean is a slow and ar¬ 
duous puisuit. Often the lesults arc not 
spectacular, with little popular appeal. 
But every scrap of information on any 
aspect of the wide ocean helps m the long 
run. Thus is built up the true picture 
of tins vast storehouse of life and cneigy, 
on whose bounties live millions of peoples 
and whose lesourccs hold out great 
promise to mankind in the incessant march 
of man for mastery over nature. 



Around the Research Laboratories in India 

Central Food Technological 
Research Institute, Mysore 


T HE Central Food Technological Re¬ 
search Institute is housed in the 
palatial Gheluvamba Mansion which 
was received by our late Pumc Minister, 
Shri Jawaharlal Nehiu, from the Govern¬ 
ment of Mysore on December 29, 1948. 
The Institute was formally declared open 
by Shri G. Rajagopalachari on Octobci 
21,1950. In addition to the Mansion, the 
Institute has today two equally big build¬ 
ings, viz., the Processing Wing and the 
Technology Block on the south and north 
of the main building respectively, and two 
more separate buildings which are intend¬ 
ed to house the Meat ancl Fish Technology 
Division, ancl Infestation Conliol and 
Pesticides Division are under construction. 

The main, objectives of the Institute 
are 

1 To prevent incidence of heavy 
losses of foodgrains and perishable foods 
which take away a heavy toll at present, 

2 To assist the food processing indus¬ 
tries in their development programmes. 

3. To develop new processes and pro¬ 
ducts based on indigenous raw materials 
and at prices within the easy reach of the 
common man 

4. To undertake long range research 
ancl development programmes in the fields 
of food science and technology. 

The initial annual budget of the 
Institute which was about Rs, '1 lakhs, 
has now increased to about Rs. 36 lakhs, 
and it is expected that by the end of the 
Fourth Plan, this will be further doubled 
The staff of the Institute number 750 
including scientists, technologists, engin¬ 


eers, admiiiislralois, and other auxiliary 
stall' 

The research and development pio- 
grammes oi the Institute have lccently 
been organized under the following 
disciplines : 

1 Fruit and vegetable technology 

2. Meat, poultry and fish technology 

3. Cereal and protein lood technology 

4 Spices and flavouring technology 

5. Fermentation technology 

6. Infestation control and pesticides 

7 Biochemistry and nutrition 

8 Food engmeeimg and process deve¬ 
lopment. 

9. Industrial research and consultancy 
services. 

10. Regional expeu’ment stations 

11. Advanced and refresher training 
pi ogrammes. 

12 Information and extension services. 

The whole programme in the above 
disciplines of the laboratory is being 
carefully studied to bring it on the 
project-onented appioach, and foimu- 
lation of research projects on clearly 
identified problems which will have 
Lime taigets, scheduled budgets, and 
pre-determined team of personnel. 

The Institute has made a tremendous 
impact on the industry by providing 
solutions to several problems, and through 
the development of new processes and 
products. Out of these, a few which 
represent the outstanding accomplish¬ 
ments aie here described. 

By courtesy of the Director, Gential Food 
Technological Research Institute, Mysore. 
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A general view of the wnikshop when- equipment n Eifiiicntccl 


Baby Fond fiom Buffalo Milk 
As a result of the investigations rained 
out at tins Institute, a pioecss has been 
developed hy which it has become possible 
to manufacture infant food fiom buffalo's 
milk. This com puses slandaidi/.alion of 
the fat content of buffalo's milk by partial 
skimming, addition of buffer salts and 
sugars, fortification with vitamins followed 
by homogenization and dium/spray 
diying The pioducl compares favour¬ 
ably well with some of the most popular 
infant foods pioduoed in different coun¬ 
tries of the world. This process has been 
accepted by the Kaira Distric t Co-opera¬ 
tive Milk Producers’ Union, AnancI, who 
aic maiketmg the product under the name 
‘Amul Baby Food’. This finding has 
resulted in saving a large amount of 
foreign exchange, besides developing an 
indigenous industry to meet the grow mg 
needs of the rountiy, 


Edible Ojiahty Gumndnul Flow 
The major deficiency in the clietaiy 
pattern of the Indian population, parti¬ 
cularly ol the vegetal ian group, and still 
moic so ol young children, is that of 
protein. While the minimum piolcin 
lequireincnl preset ibed hy international 
organizations is G5 grammes per pet son 
pci day, an average Indian baicly gets 
40 grammes pei day. The drill letiev 
could he nveieomr expeditiously and 
adequately by the utilization ol the avail¬ 
able protein sources (obviously in the 
vegetable kingdom) in the counLiy, 
Urounchmls which ate pmcluml (n the 
extent ol four milliun ions every year 
have been used only as a source of oil, 
the meal fraction, because of its inedible 
quality, being used for cattle feed 
and manutiug. A process has been 
developed by which edible quality, low- 
fal groundnut meal, which has about 50 
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per cent protein, has been prepared. The 
total pioduction of groundnut would 
yield about one million tons of the protein. 
The development of this product has 
created both national and international 
inteiesl. The UNICEF has donated two 
plants with a capacity of ten tons each 
for the manufactuie of groundnut flour, 
while several State Governments as also 
the Central Government are enthusiasti¬ 
cally following up this programme under 
the technical advice of this Institute. 
Indian Multipurpose Food 

This is a cheap protein-rich product 
prepared from indigenous and easily 
available raw materials, viz., three parts 
of groundnut flour and one part of Bengal 


gram flour, the blend having a full comple¬ 
ment of added vitamins and minerals. 
The pioduct is very versatile and lends 
itself to many uses in the dietary of the 
people without necessitating any major 
change in their food habits A person 
can overcome the deficiency of protein, 
mineials and vitamins in his daily diet 
by incoipoiating 25-50 gm. of Indian 
multipurpose food at a cost of about 
6 paise. 

Groundnut Pi olein Isolate 

This is 95 per cent pure protein pre¬ 
pared from groundnuts according to a 
technique developed at this Institute. 
The process has been leased to Messrs. 
Tata Oil Mills Company, Limited, 
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Bombay. A considerable portion of the 
equipment for this piocess has liee.ii 
designed and fabricated at this Institute, 
while some olhei essential pints have been 
imported The plant is exported to go 
into pioduetion by Mutch 1%4. 

The product has been used successfully 
in various sptay-dried pioletn formulations, 
and found suitable foi feeding infants and 
weaning children. The infant lood foi init¬ 
iation is a blend of groundnut protein 
isolate, skim milk powdci, dextri maltose, 
vegetable fat, vitamins and minerals It 
contains 2G per cent proteins and 18 
per cent fat, and the ovciall composition 
is similai to that of infant milk food. 

The weaning food foumdalion is based 
on a blend of groundnut protein isolate, 
dextri maltose, skim milk powder, ade¬ 
quately fortified with essential vitamins 
and minerals. It con lams 3b per cent 
proteins, and 1.6 per cent hit. The 
product has a bland taste, but iccousli- 
tutes readily in warm water. Prehrninaiy 
studies have shown that the piochice is 
quite effective m the ti raiment of hwashioi- 
kor, and thus compares well with skim milk 
powder, 

Tapioca Macaroni 

A new technique has been evolved in 
preparing macaioni type of products from 
a blend of GO per cent tapioca flour, 25 
per cent wheat samolma, and 15 pei cent 
edible quality, low-fat, groundnut flour. 
A modern type of pilot plant with a manu¬ 
facturing capacity of one toil ol the product 
per day has been installed at the Institute. 
Several tons of the material have been 
prepaied for consumer acceptability and 
market evaluation trials of the product. 
The tapioca macaroni is more nutritious 
than rice, and is available in different 
shapes. A number of dishes can be 
prepared out of this product to suit Indian 


tastes. Large scale extension trials among 
the people of Kerala have established the 
acceptability of this pioduct. 

Wheat macaroni or etmehed macaioni 
and other macaioni products have also 
been developed at this Institute with a 
view to stimulating common nil interest 
m tliis type of foods. Kxpeimicnt.il lots 
of the material have been prepared and 
supplied to commercial agencies foi the 
purpose. Import restnetions of some 
essential parts of the plant have handi¬ 
capped further development of all types 
of macaioni food products 
Rice Bran Oil 

A large surplus of bum is pioduced 
duiing the milling of nee This contains 
about 1G pci cent of the oil. In order to 
utilize this oil, and release the edible types 
of oils, a solvent extinction process has 
been developed at this Institute, This 
makes use of aleohol/peli oleum products 
to extract the ml fiom i ic e bran. A few 
production units based on the piocess 
developed at the Institute have been 
set up in the country. 

Piecouked , Dehydiated, Rcady-lo-eal Foods 

New varieties of foods containing the 
normal types of foods, precooked, equit¬ 
ably blended, and suitably dehydrated, 
have been developed to obtain light¬ 
weight, liigh-encrgy, easily assimilable 
food products with particular refcicnce to 
the needs of the defence forces. These are 
ol both vegetarian and non-vegetarian 
types and have been well received by 
different classes of consumers including 
the defence personnel. 

Slut age oj Perishables 

Conditions have been standardised in 
respect of optimum temperatures and 
humidity requirements for the pi clanged 
storage of perishables and the cold storage 
industry m the country have been given 
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the required know-how. Wotk has also 
been done on quick-freezing of various 
lypes of fiuils and vegetables. 

A fungicidal wax emulsion (a by-product 
of the sugarcane indusliy) has been 
successfully used for coaling (tints and 
vegetables, and this pineess lias resulted 
m increasing their storage life by at least 
50 per cent. 

Impioved Paiboiling Technique 
In order to overcome the undesirable 
olf-flavoiirs and unattractive appearance 
of the parboiled rice prepared in the 
uislomaiy way, an improved technique 
which consists in soaking the paddy in 
water at 70-75°G foi three hours, has been 
developed. This technique also cuts 
down the soaking time considerably. 

Papain and Palin />om Raw Papaya 
Raw papaya is a licit source of both 
papain and pectin which aie required in 


the. pharmaceutical and food industries 
respectively. An integrated piocess for 
the preparation of pectin and papain has 
been developed at the Institute, and pilot 
plant trials have indicated an aveiage 
yield of 4 per cent of papain and one per 
cent of pectin. Severn! parties have 
evinced interest, and the model schemes 
have been made available to them. 

Mango Cen'al Flakes 

The Institute has opened a new line foi 
the economical utilization of mangoes by 
developing a technique for prcpaimg 
(lakes from a blend of mango pulp (4!) 
per cent), wheat flout (23 per cent), and 
added sugar (2U pri cent) The product 
is similar to corn flakes and ran be used 
as a bieak-fusl food, as pmudge, snacks, 
or even as a thiekening/llavourmg 
material for ice creams. 
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Starch and Fibre from Banana Stem 

According lo a technique developed at 
the Institute, it has been possible to recover 
starch (2.5-3.0 per cent) and also 
utilize the lcsidual fibre for the picpaia- 
tion of paper pulp. Various organizations 
have evinced interest and the process has 
been practically demonstrated to them. 

As a complement to the scientific acti¬ 
vities of the Institute, the Division ol 
Information, Statistics and Extension 
Services undertakes the dissemination of 
the acquired infoimation (through co¬ 
ordination of information on the results of 
research investigations, or by documen¬ 
tation) This information is largely 
oriented to the needs of the actual users 


in the nation-building activities organised 
by the Governments (Central and Slates) 
through several channels such as the 
Community Development and National 
Extension Service Blocks; Small Industries 
Service Institutes, ,Suite Departments of 
Industries, Food and Nutrition; Home 
Science Colleges, etc. Liaison work 7/1111 
the industry and the common man is also 
being vigorously pm surd. In this way 
the objective ol Lhc Institute which is not 
only to develop new pioccsses and techni¬ 
ques, but also to find their application 
without loss of time, is largely achieved. 
Thus the Institute is playing an active role 
in Lhe development of the country’s 
economy 
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To be Released Shortly 

Chemistry—An Experimental Science 

Chemical Education Mateiial Study. 

Pp. 4G6. Price: Rs 8 00. 

A textbook designed for a high school introductory chemistry coui sc. 

Laboratory Mannual for Chemistry—An Experimental Science 

Pp 130, Price Rs. 1.80. 

Teacher’s Guide for Chemistry—An Experimental Science 

Pp. 785. Price. Rs. 10 00. 

These three books were prepared by the Chemical Education Matmal Study of America 
and published by W.H Freeman & Co San Fiancisco, Now reprinted m India. 

Order your copies from . 

The Chief Publication Officer, 

National Council of Educational Research and Training, 

114, Sundar Nagar, New Delhi-11. 

Or from any approved Sales Agent 
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General Science Curriculum 
for Higher Secondary Classes-—! 

V.N. Want-hoo 

National Council of Educational Rcscmch and 7 raining, 

Ntuv Dcl/n 


G ENERAL Science, m one foirn or 
another, is compulsm\ in all tin- 
states of India up to class V. Tt is a com¬ 
pulsory subject up to class VII/VI11 in 
all the states except Madhya Piadesh and 
Uttar Pradesh. 

It is taught in all the slates of India, 
except Uttar Pradesh, in the higher 
secondary classes. At this stage it is a 
compulsory subject in ten states and 
optional in Assam, Marnlhawada (Maha¬ 
rashtra) and Telangana (A.P.). In Bihar, 
however, students ottering natural seienns 
gioup as elective do not take this subject. 

In Jammu and Kashmir, Madhya 
Pradesh, Mahaiaslitia (Vichubha only), 
Punjab, Rajasthan and West Bengal, 
general science is taught for two yeais. 
In Andhra Pradesh (Telangana Division 
only), Bihar, Kerala, Madras, Maha- 
lashtia (Maratlnvada) and Mysoie, it is 
taught for three years. In Gujarat, how¬ 
ever, it is taught for four yeais (classes 
VIII-XI), three yeais as a compulsory 
subject and one year (class XI) as optional. 
In Orissa also it is taught foi four yeais 
(VIII, IX,X and XI). In Madras and 
Kerala, general science is the only sricnc e 
which is offered at this stage. Elective 
sciences are not available in these stales. 


Tt is, thus, deni that all the students in tin: 
higliei secunduiy classes sludv geneul 
science in ten states ol India Uttai 
Pradesh has the unique distinction of not 
ojleimg geneial science at this stage, 
either as unnjnilsoiN 01 as an optional 
subject. 

tX.VM I NATION 

Geneial Science (theoiy) is examined 
externally in eleven stales and intemallv 
in tin ee states. Pine tieal woik is examin¬ 
ed externally in ilnee states only. In 
other stales, It is not examined even 
internally. 

Although practical work is preseubed 
in ten slates, yet, because it is not examined 
cilliei externally or inlet nails, in these 
slates, its impuitanie is of doubtful value, 

In ilnee slates, the marks obtained b\ 
a student in geneial sneiu e ate not added 
to his total achievement. It is evident 
that sui li a ju occdurc is likely to take away 
whalcvei importance the subject may 
have in the curriculum. 

7 'ime Dcwled 

The number of periods devoted to 
geneial science varies from ilnee to 
six peiiods pei week. The most general 


Paper piescnted at the Geneial Science .Seminal held at Varanasi m March 1901. 



152 


SCHOOL SCIENCE 


practice Is four to five periods per week, 
each period consisting of folly to foils-live 
minutes. 

AIMS OF TEACHING GENERAL SCIENCE 
Most of the state syllabi do not mention 
any aims of teaching geneial science. 
Two states, howcvei, have given the aims 
as detailed in the draft syllabus of the All 
India Council for Secondary Education 
(1956). A few syllabi have mentioned 
the approach to msUuction in geneial 
science. It is, thus, clear that Lhe 
curriculum committees of the states, 
appointed for the purpose of (halting die 
syllabus for general science, weie either 
not clear about the purposes and objec¬ 
tives of teaching the subject at tins stage, 
or did not think it worthwhile to focus 
any attention on these 

It has been mentioned that some states 
have presciibed some experiments to lie 
done individually by the students or in 
groups. But this work is assessed in¬ 
ternally in one state only. As examination 
in practical work has not been prescribed 
and is not, Iheiefore, being taken into 
consideration for the total achievement of 
a student in general science, it is appai enl 
that most states were not sure whether 
such facilities could be made available 
This aspect needs to be consicleicd very 
carefully, because, foi some years to come, 
it may not be. possible to piovide labota- 
tory facilities and science equipment for 
all the students on the rolls in all the 
higher secondary schools in India. In 
fact, the position about the laboratory 
facilities and science equipment for the 
elective sciences such as Physics, Chemis¬ 
try and Biology m most states is not 
happy Out of twenty thousand and odd 
high and higher secondary schools m 
India, elective science at the higher 


secondary stage is available m about 
foitv pel cent of schools only Under the 
picscut ciieumslances, it appears that 
prioiil) should he given to sti eng then the 
futilities in the st bools whole elective 
snout es are taught and to provide facilities 
for elec live sciences in schools where these 
aie not available. (ItmsequeuUy, the 
Ministry of Education pioposes to allot 
some funds foi making available laboia- 
tory facilities and science equipment to 
about six thousand schools in India where 
such facilities do not exist in the Third 
Five Yeat Plan period It is, thus, 
abundantly clear that for some years to 
conic it may not be possible, under the 
present hnaneial conditions, to piovide 
facilities Ibr expel uncut.il work in general 
science for all the students m higher 
secondary schools. It will, thetefoie, lie 
lighL to suggest such a type of geneial 
science m which minimum laboialoiy 
woik may be deemed essential 

Under these circumstances wepiopose 
that foi sometime to tome the main objec¬ 
tive of leaching general science at the 
higher sccondai y stage may be the develop¬ 
ment of scientific literacy. Let all the pupils 
studying general science be acquainted 
with wliat has been happening in the 
picsent. Science lcpiesents an endeavour 
of man to develop himself, his sunoundings 
and the resouiees available to him. 

There is another aspect winch needs 
consideration in this connection. 

NEED FOR GENERVI, .SCIENCE 

After the declaration of India as a 
Republic in 1949, every adult citizen has 
assumed responsibility as a voter. He 
is called upon to express his opinion on 
various issues, political, social and econo¬ 
mic m nature, fi om time to time Opinions 
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based on scientific knowledge in some 
of these issues have become ciucial ;is fat 
as an individual is com erned For 
example, in a topic such as pest-ronliol, 
there ate two opinions abouL the use of 
D.D.T., and olliei insecticides. H is 
being aigucd by scientists that the insecti¬ 
cides may have been able to rontiol the 
pest life, but at the same time, these 
chemicals wink havoc with the other 
biological life in the area where they aio 
used. While dcteimining the policy of 
the state regarding sue h matters iL becomes 
essential foi an individual voter Lo know 
seveial aspects of a problem such as this. 
It should he the purpose of the con- 
genera! science at the lughei secondary 
stage to pn-sent all aspects of a pioblcm 
to him so that he can he a wcll-inlhi med 
citizen and lake decisions on the basis of 
scientific knowledge. 

CONTENT OP GENERAL SG1ENGE 

A review oT the syllabi prescribed by 
cliffeient states indicates that they have 
heavily drawn upon Lire draft syllabus 
proposed by the All India Council for 
Secondary Education This .syllabus 
consists ol units such as ‘Our Surroundings’, 
‘Nature of Things’, ‘Eneigy & Wink’, etc. 
but the items of inhumation under the 
units have been lifted almost bodily from 
the existing syllabi of physics, chemistry 
arid biology. Some of these items of 
information deal with ‘Plant Life’, 
‘Animal Life’, ‘Solar System’, ‘Aii’, 
‘Water’, ‘Heat’, ‘Light’, ‘Sound’, ’Magne¬ 
tism’, ‘Electricity’ and ‘Atomic Energy’. 
The Syllabus Committees of the Stales 
have modified this draft as they thought 
proper. Some items of information 
have been added to this list. Some 
items of information have been 
deleted fiom iL in order to make 


100 m fin additions. Deletions and 
additions aic more or less aibiliaiy and no 
specific pm pose lias been .served. The 
gcncial pattern of the syllabi is mine 01 
less infoimation-(entied and the emphasis 
is cm fails of physics, chemist!y and 
biology, without any 1 elation to each 
other. 

There is no mention of any model n 
development of science in these syllabi 
Topics such as ‘Space Science’, ‘Rockcl- 
i y’ ‘Atomic- tests’ Electionic Computers’, 
‘Ougiii of Life’, ‘Oiigm of Eaith’, ‘Hybri¬ 
dization’ and the like, which have cMcndcd 
man’s knowledge over Ins surtondings and 
extended bis contiol over natme, do not 
find a place m these syllabi 

'flu- unity of sciences as ioprc-scutc-d by 
the recent developments m hmchcmisii), 
biophysics, geophysics and nilic! inlet- 
cliseipliiLuy sciences do not find a place 
in the syllabi Even the- syllabi levtscd 
recently do not mention si ientilie eutei-- 
]iusc‘sui li as the Intel national Ceophvsieal 
Yc-ai which involved the willing eo- 
opeiation of the seienlists of the world 
as one community 

Ceneral science, at the higlu-r secondary 
stage, is the only science which the 
majouly ol students learn .it this level 
m an mganised manner A very small 
percentage of students opt for elective 
sciences. Tin* question now in ises • 
‘Wlnil items of inloimuLiou should bi- 
selc-eted loi (lie general seieuees couisei’ 
Should traditional items sueh as liuee, 
aeeeleration, moineutum, oxygen, earlion 
dioxide, ehemieal thange, dispel sal of 
seeds and the like-, be selected or should 
items sueh as those mentioned in the 
above paragraphs, which are exc-iting, 
i evealing and of a great concern to (ho 
present day world, be selected ? It can 
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be argued that both types of items, the 
traditional and the modem, have their 
own importance and a message to convey. 
We have, theiefore, selected the minimum 
quantum of scientific knowledge of the 
traditional type but of a basic and 
fundamental nature and made it an 
integral part of a proposed general science 
syllabus for classes I-VIII. This syllabus 
has been published by the N.C.E.RT. 
and circulated to the states fen their 
opinion, tiial and acceptance. Textbooks 
and guide materials are being prepared 
by the N.G.E.R T based on this syllabus.’' 1 

Consequently, wc propose to select the 
items of scientific knowledge of the second 
type for the general science syllabus for 
higher secondaiy classes. 

Such a procedure has another advantage 
as well. A comparison of the content of 
geneial science and elective sciences reveals 
that in many states, a lot of duplication of 
items exists in them. Scvcial items aie 
taught both under general science and 
elective sciences If we select items of 
interdisciplinary nature, those which 
reveal unity of sciences and the contri¬ 
butions one science makes to the growth 
and development of other sciences, items 
which indicate how science is piogrcssing 
right now and what types of revelations 
are expected to be mdc in future, much 
of this unnecessary duplication shall lie 
avoided. It may also help to arouse an 
abiding interest in science m those students 
who do not intend to study science beyond 
their higher secondary school career in 
the university. Such a course may also 
help to keep alive the interest in science 
aroused by the unexpected and most recent 


disroveiics and developments in the field. 

Thete is yet anothei factor of great 
relevance which needs consideration. 
The knowledge of sricnc e is doubling 
every 5-10 yeais. Theiefore, recent 
developments in science deserve prece¬ 
dence over older developments and they 
should ac count for a nui]Oi portion of time 
devoted to the subject. 

With this discussion wc propose that 
the general science syllabus should be a 
non-laboratory eoiu.se and aim at scientific 
literacy. It should draw its content from 
the recent development of science and from 
those issues which arc of vital lmpot tancc 
to man in the neai future. 

It may bo argued by some people that 
the proposed topic and cone cpts may prove 
to he difficult fin the comprehension level 
of students in lughei secondary classes. 
This problem is important and needs to 
be tackled at several levels, as indicated 
below: 

a. Concepts must bo rendeied in 
simple language. Technicalities and 
mathematical formulae involved should be 
avoided as far as possible. Many samples 
of this nature arc available in books 
written in some foreign counlues, which 
may be used as models, to start with, 

b. The syllabus proposed and ma- 
teiials such as textbooks, workbooks 
and guides produced on the basis of the 
syllabus should he. tijed out in a large 
numbci of schools under experimental 
and controlled conditions. 

c. Guide books for teachers should be 
prepaicd which should inlet alia give 
backgiound knowledge of all the topic in 


*General Science—Handbook of Activities, Classes VI-VIII has since been published by the NGERT. 
This book will help the teachers to develop the concepts in the classioom —Editor 
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the syllabus. This must be done with the 
co-operation of scientists, methods experLs 
and science teacheis on the job 

d Teaching learning aids suiting 
the content matter should he devised 

e. Sliml trim refieslnn cnurses should 
be organised fm ptactising genet ul science 
teachers m all the states which accept 
and presciibe tlic pioposcd cuiriculum 
It may be possible to undei take this task 
in the Regional Colleges of Education, the 


pioposed Institutes of Science Education 
and thiough the In-scivice Coiusesby the 
Dcpailment of Science Education of the 
N.G.E.R.T. 

The Department ol Science Education 
should also undertake a review of the 
proposed cumculum after live yeais and 
periodically thcrcaftei as the ncccl demands 
in co-operation with the State Education 
Departments and the Institutes of Science 
Education. 
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Classroom experiments 


THE EMPIRICAL FORMULA OF SODIUM HYDROXIDE 


I N ihe introductory chemistry course 
the students get acquainted with 
sodium hydroxide at an early stage. It 
is one of the products of the action of the 
metal sodium on water. The process 
actually shows that a gas is released which 
can be trapped and tested for: it proves 
to be hydrogen 

The second compound foimcd in the 
reaction—sodium hydioxide—is invisible, 
as it dissolves in the excess of water ivc 
use, that is the explanation we usually 
give our students. Testing the propci tics 
of the liquid, we find a slippery feeling 
when rubbed between the lingcis, and 
alkaline reaction Upon evapoiating 
the solution to dryness one obtains a 
whitish residue We name it SODIUM 
HYDROXIDE, and explain its forma¬ 
tion by telling the students that a sodium 
atom will only displace one of the two 
hydrogen atoms in a molecule of water, 
thus forming a compound NaOH 
according to the equation 

2 Na + 2 H 2 0-p 2 NaOH + H a 

That is a sheer statement without any 
quantitative proof. It goes without saying 
that, for lack of tune, we cannot prove 
the composition of all the chemical com¬ 
pounds we deal with in our course, the 
students have to take most of the formulae 
foi granted on the authority of the text 

By courtesy The Embassy of West Germany, 


or the master that gives them. In some 
rases, eg., in that of the compound 
WATER wc dcmonstiatc by quantita¬ 
tive experiments in which wav a foimula 
ran be found 

Sodium hydroxide is a compound made 
up of three diflcicnL elements, which the 
students consider to be more complicated 
than the mclinaiy bmaiy compounds, 
whose composition can he more easily 
understood. I thcicforc would suggest 
wc should, at a later stage, prove the 
quantitative composition of one ternary 
compound It actually can be clone for 
sodium hydi oxide in a comparatively 
simple way, as I have found some ycais 
back. 

The result ol Lhc experiments I am 
going to dcsciibc will show that sodium 
hydroxide contains the elements Na, O, 
and I-I in Lhc, lalio by mass expressed 
by Lhc formula NaOH. (Na • O H= 
23:16.1) 

Let us hi st compute the masses and 
volumes of the substances involved m 
the chemical reaction by writing up Lhe 
gram molecular weights and the molar 
volume 

2 Na+2 II 2 0.—>2 NaOH+Ii 2 g 

46 & 36 g 22400 ml 

From these data we will calculate the 
masses needed in our experiments 

New Delhi, 
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I, In our fii bt demo ns Elation we will 
prove that one half oi the hydiogon ton- 
tained m a given amount of vv.itei is set 
fiec by sodium. 

Calculation 

One mole of walci (l«g) is made up 
of 2g of hydrogen and l(ig of oxygen. 
Those 2g of hydrogen oetupy a volume 
of 22400 ml, the so-called molai volume. 
The mass of water w r c will use in our cx- 
penment is 0.09 g (equal to 1/200 mole) 
Thus the volume of hydrogen contained 
in it is 1/200 of 22400 ml, equalling 112 ml 
One half of it will lie yielded = 56 ml. 
It goes without saying that any othci mass 

n 


f 



V_ J 

Fig, 1. A given mass of water acts on sodium 


of watci could be used in this expei invent, 
but 0.09 g is a handy numhci. 

A test tube, with an outlet connected with 
some sort of gas-meter—bin cite oi mca- 
.SLiung tube— is sealed by a rubbei 
stopper through wdikh a lapilhuy pipette 
of 0.1 m 0 2 ml is passed. (See Tig 1). 
'The top end of the pipette is equipped 
with a rubber eonncitm closed by a piece 
of glass rod. 

Upon pressing the hose and then releas¬ 
ing it u'e fill the pipette with 0,09 ml 
of water, corresponding to 0 09g. In 
order to make it visible fiom distant places 
it may lie dyed. If we add a liny Ini of 
a detergent, the w.itci will flow out in 
small drops. 

The lest tube is placed in a beaker filled 
with cold water, which will conduct the 
lie.tl libeialcd by the exothermic reaction. 

Now we place some chips of sodium m 
(lie lest lube. (It should be noted that 
according to the equation 0.11 fig are 
needed fm the icaclion, so let it he, a 
little more, say 0.13 g at least.) 

We mount the appaialus as shown in 
the figure By gently pressing the 
connceloi all of the water will gradually 
chop on the metal, setting lice hydrogen 
w'hich is trapped in the gas-meter. Since, 
die resulting sodium hydroxide retains 
some of the water, we have to heat the 
test tube very gently w r hen the tear lion 
stops, so as to make the leniaimng watei 
also act on the sodium. Most of the time 
that second reaction yields moie than half 
of the hydrogen expet led. 

Aflei allowing the apparatus to cool 
down to room teiuperatuie, we will find 
that about 56 ml of hydiogen have been 
evolved (corrected foi standard pressure 
and tempeiatmr). 

At the bottom of the test tube we notice 
a white substance that can be tested for 
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the well-known properties ol' sotlhun 
hydroxide The excess of sodium that 
has not taken pait m the icaution can 
also be identified 

As shown, above, 5ft ml of hvdiogen 
represent one half ol the total mass ol it 
contained in 0.09 g ol watei. 

Conclusion • Oxygen and hydrogen at 
the ratio expressed by the symbol Oil 
must have combined with sodium to form 
the hydroxide. 

We now compute the masses of O and 
H m the compound we have got 
mass of water 0. (.190 g 
mass of hydrogen 0 005 g (can be calcu¬ 
lated from 1 
liter having the 
mass of 0.09 g) 
The difference of 0.085g gives the 
mass of the OH group. Subtracting from 
that amount another 0.005 g, the lesull is 
0.080 g, which is oxygen. 

0 =0.080 g 1-1=0.005 g 
II. The mass of sodium involved in om 
reaction can be determined by the well- 
known experiment whose objective is to 
find the gram equivalent mass of a metal 
which dissolves m an acid. As to sodium, 
water will do. Wc even must mix it 
with alcohol, or else the reaction would be 
too violent The gram equivalent mass of 
a metal is the number of grammes of that 
metal which displaces 1 g atomic mass 
of hydrogen (equalling 11200 ml). 

One makes a certain quantity of sodium- 
let us say 0.1 g—act on dilute alcohol, 
trapping the gas which is evolved. One 
way to do the experiment is using a vessel 
shaped as in Fig, 2. We place 0 1 g 
of sodium in one of the tubes and about 5 
ml of dilute alcohol In the other one. 
Upon tilting the apparatus both sub¬ 
stances mix. Hydrogen is liberated and 
is passed onto a gas-meter, in which its 


\ olume is determined. We will get 
about 19 ml at SPT. 



Fig. 2. Jtrlcuniiuilim) of tlic gum equivalent 
mass of .sodium 

Calculation 

•19 ml of hydrogen have been set free 
by 0.1 g of sodium. 5H ml of hydrogen 
(icsult ol our liist expeiiment) must have 
been liberated by 0.115 g of sodium. 

Consequently the ratio by mass of 
sodium, oxygen, and hydiogen in sodium 
hydroxide is 

Na: O. H=0 115. 0.080: 0 005 
Upon dividing these numbers by 0,005 
to make the value fot II--1, we find 
Na: O. II - 23 : 1(5 T 
The empirical founula of sodium hydroxide 
is A'aOIl, since these numbers represent the 
atomic masses of the three elements. 

One may think it dangerous to allow 
sodium to act on water in a sealed con¬ 
tainer The experiment has been done 
many times without anything dangerous 
happening. 'Flic watei conies in tiny 
drops, so that the heat released with each 
reaction will not start the combustion of 
the explosive, mixture of hydrogen and 
air Besides, the test tube, with each 
drop of water, will contain an increasing 
amount of hydrogen which cannot burn 
without air, ti-ieo theimann 
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DISSECTION AND DISPLAY OF THE VASCULAR SYSTEM OF 

VERTEBRATES 


The best results of dissections for 
display can be achieved by injecting 
the circulatoiy system with a certain fluid, 
the preparation and method of injection 
of which are described below, The injec¬ 
tion fluid which is biownish red in colour 
penetrates through the blood vessels and 
makes them clearly visible by filling and 
distending them. Such injected dissec¬ 
tions can he preset ved for ycais in any 
suitable preservative and the details of the 
blood vessels can be distinctly seen. 

Materials and Chemicals Needed 

1. Plaster of Paris. 2. Mercuric chlo¬ 
ride. 3. Distilled water. 4. Glycerine 
5, Formaldehyde. 6. Injection pipette. 


7 Dissection board. 8. Enamel tray. 
9. Nails and pins. 10. Hammci. 
11. Scissors. 12. Bone cutter. 13. Cotton. 
14. Black paper (thick) 15 Rubbci 
sponge. Ifi Sewing needle with thread. 
17. Chlorofoim and jai. If). Pestle and 
mortar. 19. Sharp mounted needles. 
20 Animal. 

Pieparation of the Injection Fluid 
Take Plaster of Pans and mix it with 
mercuric ehlondc (8.0 g of mcicuiit 
chloride for every 100.0 g of Plaster of 
Paiis). Add distilled water and make it 
into a thick paste and grind it well with 
pestle and moitar. While grinding this, 
slowly add more distilled water till it forms 




Fig. 1. Piepaiation of pipettes ami the method oJ mjitUon 
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a homogenous fluid. Add a Tew drops of 
glycerine while the mixture is giound. 
When ground well, this mixtuie becomes 
a solution. To this solution add a few 
diops of formaldehyde ancl bottle the 
solution. The solution should not be very 
thick. The bottle containing the solution 
should be shaken well bcfoie use. 

Method of Dissecting and Injecting llic Animal 

After chloroforming the animal, airange 
it on a dissecting board with its belly side 
up and nail its limbs. Then cut the skin 
and muscle layer, to expose the heait. 
With the help of needles, fiee the heart 
fiom the membranes surrounding it. 
Do not stretch the animal too much, since 
some vessels, are likely to get ruptuied. 

To make the injection successful thiee 
steps have to be taken The first is to 
make a puncture of the heai t and make a 
hole in it up to the toot of the artery. 
This can be done by inserting the pointed 
end of the pipette through the pointed 
end of the heart, and slowly by pressure 
driving it inside in such a way that the 
tip of the pipette is felt inside the aitery 
or vein, The path can be well established 
by drawing it two or three times. 

The next step is to draw out as much 
blood as possible from the circulatory 
system through the pipette. This will 
make more of injection fluid get into the 
system and also make the fluid flow easily 
through the vessels. For this, collapse 
the teat with your fingers and drive the 
pipette into the heart and release the 
fingeis. When the pipette is filled with 
blood draw it out and empty the blood. 
By repeating this process four or five times 
much of the blood can be drawn out of 
the system. 

The third step will be filling the pipette 
with the injection fluid and injecting it 


into the system through the heart, till no 
mme of the fluid t an be injected. Then 
the vessels just above the licai t can be tied 
by means of a ligature to pi event the 
injection fluid Jioni flowing out of the 
system. 



Display and Preservation of the Dissection 
The blood vessels can be traced with 
the help of the mounted needle and the 
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surrounding tissues removed to make them 
visible. In ordei to make the vessels moi e 
distinct coLlon can lie plugged underneath 
them and small bits of black paper can be 


arranged as shown in the figuic, The 
whole dissection can be picscivcd m 
5 pci cent foimahti and displayed in the 
museum. c>. R a | u 


HOW TO MAKE GLASS 


Ordinal y window glass and bottle 
glass can be prepared in a lahoialory 
by heating silica (white sand), sodium 
carbonate, and lime. 

For getting glass of lowei melting point 
yellow lead oxide is used in place of lime. 

Green Glass 

Take white sand 2 5 g, anhydious 
sodium carbonate 2 5 g and yellow 
lead oxide 2.5 g in a porcelain ciuciblc 
and heat them strongly with a Fisher 
burner or with a blow pipe flame. The 
mixture melts into a fluid mass. To give 
a green colour to the glass, add some ciys- 
tals of chromium oxide to the molten 
mass. Pour the molten mixture on an 
asbestos mat. The drops on cooling will 
become sparkling bits of green coloured 
glass. 

Blue Glass 

To the molten mass as obtained above, 
add some crystals of cobalt oxide in place 
of chromium oxide and repeat the process 
in the same way. Sparkling bits or blue 
glass will be obtained. 

Other Colowed Glasses 

Traces of certain other metallic com¬ 
pounds can lie added to the mixture 
before heating, to give different colours 
to glass. Copper sulphate gives bluc- 
grecn colour, while ferrous sulphate a 
yellow green colour. Manganese dioxide 
gives a colour varying from amethyst to 
black 

Water Glass 

Dissolve sodium silicate in walei slowly 
until a syrup-like fluid is foimed. It 


is called water glass (only silicates ol 
sodium and potassium aic soluble m 
water) 

It can be used as a thick cement for 
glass and china Take two bioken 
pieces of glass and heat the poitions to 
lie cemented and apply walei glass and 
then clamp the parts tightly together until 
the glass is dry. 

In order to prepare a heLtei variety of 
cement which can withstand greater heat 
and action of acids, take thick water 
glass two parts, fine sand one part, ancl 
ground asbestos one part, mix Lhem 
together and apply in Lhe same manner 
as explained above. 

Glass from Water Glass 

Heal a small amount, of the water glass 
in a crucible until all the watei is driven 
off and a fluffy while solid lcumins behind. 
Mix a little powdcicd chalk with this and 
then reheat with a blow-pipe. Mixture 
melts and fuses into a bead of glass. 
Glass as Drying Agent 

Take 10 ml of thick water glass prepared 
as above, in a beaker and add 10 ml of 
pure water to dilute it. In another beaker 
take 1 Oh ml of concentrated hydiochloi ie 
acid and dilute it with water to a volume 
of lfi ml. Now pour both the solutions 
prepared separately into a third beaker 
simultaneously and go on stirring with a 
stiner (md). Within a few seconds a 
solid whitish gel, will be formed. Allow 
this whitish gel to dry. Glass with minute 
pores will be formed This can be used 
as a chying agent 


K.s. UHANDA1U 




Nuffield Foundation Science 
Teaching Project—II 

TIIE PHYSICS H-lli PROGRAMME 


T HE physics coulsc aims to give 
knowledge and understanding of 
physics, as part of model n science, to 
three groups of pupils: 

(i) Those who will leave school at 
16, and those who will continue 
at school without meeting more 
science. The course must there¬ 
fore be complete in itself. 

(ii) Those who will continue with 
more advanced specialist work, 
either in physics or in other 
sciences, from 16 to 18. 

(in) Those who will continue with 
some infaunal science while they 
specialize in other subjects at 
sixth fonn level 

Aims and Stiuctwc of the Piogiamme 

Group (i) makes the stiongest call on 
the planning, because this is the only 
chance for that group to gain an under¬ 
standing of physics (and of its relevance 
to everyday life). 

These educated adults will not remember 
the facts of physics clearly and usefully. 

Paper piesented at the Commonwealth 
in Peradeniya, Ceylon, in December, 1963. 


or even the gicaL pi iu< iplcs, unless Lhey 
understand the science they are taught. 
They should be taught, understanding 
rather than a shoi t-lived knowledge of 
foimal statements or a skill m solving 
problems with fomiulac, or success in 
following routine instructions in the labo¬ 
ratory. 

If physics can be taught in a way that 
meets, in some mcasiue, the aim of cons¬ 
tructive understanding, this treatment 
should also give gioups (») and (iii) better 
preparation, in the long run, than, more 
rigorous training 

Both pupils and the outside woild ask 
to lie taught some ‘atomic physics’. To 
gain time Lo do tins, some older material 
has Lo be omitted. 1L is also ucccssaiy 
lo provide a good prepaiatinn in electri¬ 
city and dynamics, especially in what we 
teach about energy. A sound, growing 
knowledge of energy is being made a 
binding strand that runs all through the 
course. And by developing new demons¬ 
tration apparatus and simple kits for class 


Confeicnce on the Teaching of Science in Schools, held 
Continued from the previous issue 
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experiments both dynamics and clcctu- 
city will he made easici for the leachei to 
teach and the pupil to understand. 

To understand science, pupils need 
some first hand experience of a scientist’s 
experimental wmk. So some class 
expci iments are offered for them to do on 
their own, with encouragement and some 
guidance fiom the teacher, but not ‘cook¬ 
book instructions’. Even with simple, 
flexible kits, those cxpei intents will take 
much time, so new demonsti ations will 
be suggested to replace other class expeii- 
ments 

Ultimately pupils should understand 
physics as a well woven iuhiic in which 
experiment and theory play complemen¬ 
tary parts, and to think of scientists as 
intelligent, sensible, skilful and imagina¬ 
tive people. The mateind chosen flu the 
syllabus should, therefore, lit together, so 
that one topic helps another and a later 
topic reflects back on an cailier one. 
Also pupils must do consLiuclivc thinking, 
and lcatn to use their good sense, skill 
and imagination both in the laboratory 
and in homework—and even in exami¬ 
nations. 

An examination group is collecting, 
devising and editing specimen questions 
for homework and tests. A con expanding 
change would lie needed in public exami¬ 
nations, both in the asking of questions 
and in the treatment of answeis, but, to 
skilful examiners, these changes should 
not prove too difficult or unwelcome, and 
it is hoped that examining boards will be 
willing to expel iment with them. 

Much of the present work is concerned 
with setting things forth for schools and 
teachers who wish to try the suggested 
course, guidance for Leaching, details of 


new appal atus, leasons for expanding one 
pait of the teaching and 1 educing anothei. 
The apparatus and wntten maleiial and 
films developed so far ai e 1 egarded as 
suggestions to a physicist who is keen to 
try new teaching. They ale not offered 
on an ‘all or nothing’ basis, or as a set 
pattern to follow slavishly. Yet, since 
the aim is to teach for lindenstanding, the 
licatment of one topic does link with 
another; the kit of appatatus foi one 
experiment does provide for others; the 
question for homewoik does open up 
fui tlier questions foi thinking and cxpei i- 
mcnl. The scheme stiives to he a living 
organism of good teac lung 

Materials in Piepaiation 
The teaching and learning aids will 
include: 

(i) New apparatus, kits to piovicle I’m 
seven al simple class experiments 
m succession, demonstration 
apparatus to make cciiaui topics 
easier to teach quickly and i learly; 
and slim l films to UhisLiate special 
concepts, oi to show inaccessible 
or difficult experiment. 

(li) A handbook foi tcachets, as a 
short guide to the cout.sc. 

(iu) A guide for teaeheis, oileiing 
much fullci discussion. This 
will contain comments, ads ice, 
discaissions ol aims and descrip¬ 
tions of methods, outcomes to 
look for, and a running outline 
of the teaching syllabus. It 
will contain some emnmentaiy 
on class experiments and demons¬ 
trations, and examples of ques¬ 
tions for homework and tests, 
(in) A collection of questions and 
problems for homework and tests. 
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(a) A teachers’ guide for experi¬ 
ments, giving details of apparatus. 
(vi) Pupils’ guides. These will piovide 
reading for pupils, and we hope 
they will take some burden off 
the teacher It is planned to 
have them written by practising 
teachers and edited foi general 
conformity and standard of 
treatment. 

tvii ) Films. The short films mentioned 
above in (i) will be made for use 
m the 8 mm Technicolour pro¬ 
jector. We are also making some 
films that are not intended for 
pupils but as guides for teachers 
to useful techniques with new 
apparatus. 

Samples of the Geneial Approach Adopted 
As an indication of the general thinking, 
two extracts aie given from the notes 
prepared for teachers who are trying out 
parts of the programme. 

First Year (77 to 12-year-old pupils ) 

This is a year of gaining acquaintance 
with materials and their properties and 
behaviour, and instruments, and the way 
in which scientists do things, and just a 
little of the way in which scientists talk. 
It is a year of seeing and doing with veiy 
little to be learnt by heart or recorded in 
a formal manner. 

When children do things themselves 
they need a long stretch of time. They 
are, in a sense, being young scientists when 
they do class experiments, and just as 
professional scientists are not given a book 
of instructions or required to get the 
‘right answei’, children—if they aie to 
see how science is done—need to be left 
alone, With encouragement but no more 


nistiuctions than are absolutely necessary, 
The teacher can start the question, make 
suggestions, offer cuticisins, give encourage¬ 
ment, but lie should not hurry chil¬ 
dren through. Finishing each experi¬ 
ment at the light instant, with a proper 
recoid of it, and hurrying on to the next 
with full instructions, looks efficient but 
has not produced a generation of educated 
laymen, who enjoy the feeling that they 
understand physics. 

Throughout this first year and the 
next, teachers should consider they aie 
encouraging young scientists to gain in 
knowledge, and a little in skill, and they 
should remembci Lhat there is no piece of 
material knowledge specified in the sylla¬ 
bus which cannot be learnt later on very 
easily if it is missed now. The motto for 
this year and next is gaining a sense of 
knowledge by seeing and doing, and using 
instruments to find out. 

Instead of giving a logical Sequence of 
investigation leading to formal conclusions, 
and mles and principles followed by syste¬ 
matic uses, let children build familiarity 
by use, then illuminate the familiar tiling 
by investigation and explanation. Thus, 
we may give a child a very simple ammeter 
and encourage him to use it and find 
what ammeters do—all this befoie explain¬ 
ing how an ammeter works or even what 
an ammeter is meant to do 

In the past, many a child has owned 
and used a good conception of the conser¬ 
vation of mass without any question being 
raised, or definition being given, or 
investigation being demonstrated. We 
can begin by taking atoms and energy 
for granted in the same kind of way. 

To leave all knowledge of science in 
that naively accepted state would be to 
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do science, and our pupils, a senous dis- 
seivice, for it could build up a picture 
of science by authority which might even 
turn into the nonsense of the mediaeval 
schoolmen. But we can give children 
a feeling of pi ogress—'nothing succeeds 
like success’—if we let them start with 
some naive acceptance. That would 
be bad teaching foi adult would-be 
logicians, but it is good teaching for 
young would-be scientists. 

For example, we shall talk of atoms as 
the smallest bits of stuff. We ask gently, 
'how small and give no answer—-nor 
at this stage put any cpicstion of how to 
approach one—let llie question nag, as 
it will in even the young mind. We shall 
say atoms and molecules are in constant 
motion ■ but since that is not a common- 
sense knowledge, we must at once give 
some justification from real life: the 
Brownian motion—not just talked about, 
not shown by a large model, not by films 
which seem remote, but the real thing 
seen wiLh a micioscope. That means 
the labotaloty needs to bonow enough 
microscopes foi each child in turn to get 
a look, and that means the child must 
have already used the microscope for 
something more familiar. It is one of the 
many instruments we should help chil¬ 
dren to use and undeistand in physics 
class That is why we suggest having 
children use a magnifying glass and then 
a microscope eaily in their exploration 
'concerning the nalmc of things’, 

Before coming to those instillments, 
children should use similar ones that 
are already familiar. So we start with 
samples of material on view—brass, glass, 
lead, sand, water—and make simple 
measurements to add a feeling for density 
(to make that easy and quick, we offer 


lectangular samples, and direct reading 
balances) We let notebook rccoids be 
short and simple; and we do not—yet— 
hm den the story with discussions oi 
accuracy 01 long arithmetic (or great 
precision. 

That biings us back (going backvvaids 
in the syllabus) to the beginning of oui 
course for eleven-year-olds: a shelf of 
many materials to be looked at, handled, 
weighed and measured. The children do 
not need to write notes on these; in fact 
they should not, or the pleasure of enlarg¬ 
ing acquaintance may well be dulled 
by formality. In oui own childhood, 
some of us have scratched a window pane 
with a diamond, watched a water-flea’s 
heart beating, or choked with rhloune, 
but we did not wiite a neat notebook 
report, Nor did vve write an explanation 
saying the diamond ploughed into the glass 
because it is harder (!) or a stoiy that 
diamond is hauler because its atoms are 
close packed in a Lelrahedial molecule. 

Treated like that, our collet lion oi 
samples (staying on the window sill 
for weeks) needs no lerture from the 
teacher; hut, farther along the line, 
crystals may stai l discussion, and the 
teacher should show some crystal models. 
That will start talk of atoms arranged 
m regulai airay ‘How small are they . 
‘Suppose atoms were as big as marbles ?’ . 

Pir in Year (/.5 to Ki-yeai-ohl jmjnh) 

This is a year ol important experiments 
anti ideas in which we draw upon the work 
of previous years hut expect more imagi¬ 
native thinking, more reasoning and new 
experimenting. We want to develop 
some taste for theoiy and to explore 
further in ‘atomic physics’ in both ex¬ 
periment and theory. 
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Newton’s Laws of Motion—so far 
treated as great principles and tested in 
simple class experiments—are now put 
to the use that Newton himself set foith: 
to form a grand theory of the planetary 
system. Fot that we must have a quanth 
tativc treatment of circular motion; 
to be done by an experimental approach 
where pupils find the geometrical dis¬ 
cussion too hard. Then, armed with some 
understanding of orbital motion, we can 
continue previous work on elecL'on-streams 
by bending their path with a magnetic 
field. Heie, to analyse measuiements, 
pupils must use some knowledge of the 
force exeited by a magnetic field on a 
stream of charged pai tides. TliaL is 
difficult, hut we shall not evade it (thus 
losing our chance of clear knowledge of 
electrons) or spoil it by announcing an 
unexpected ‘formula’: instead we shall 
make a direct experimental approach and 
measuie the effect of the magnetic field 
that we use, by putting a simple current- 
balance in it. (For pupils who find this 
work loo hard, we shall offer a qualitative 
treatment which will be shorter and will 
leave more time for the other topics of 
this year.) 

Then, while simple atomic models are 
being discussed, experiments on radioacti¬ 
vity will be carried out along the lines of 
the S.M.A.—Nuffield Foundation report 
on the ‘Teaching of Modem Physics’. 
This work will open up new knowledge 
and help to encourage the imaginative 
thinking by which the scientist formulates 
a model. 

A simple study of waves and oscilla¬ 
tions will be resumed from earlier years. 
That will lead, on one hand, to estimates 
of wavelengths of light by inteiference— 
for use m building atomic models—and 


oil the other hand to experiments with 
alternating currents—for use m ordinary 
life. 

As the discussion of atomic structure 
continues, films and demonstrations will 
help to carry pupils as far as Lhe ability 
and knowledge of each class will allow. 
For classes that find this difficult, the 
development will proceed more slowly, 
and more attention vvill be given to some 
piactical applications of modem physics 
m class experiments. 

All through, the important thing for 
teachers to keep in mind is the overall 
view that they are giving Lo pupils who 
vvill end physics now, the knowledge of 
physics that those young ‘scientists foi 
a day' are gaining, and then pictuie of 
nature, exploit'd and well-understood up 
to a point, then hounded by new regions 
of unfinished knowledge. Here at the 
end, as in the earliest years, we hope 
pupils will conclude that ‘science makes 
sense’. 

THE CHEMISTRY I MG PROGRAMME 

The Chemistry Section aims to provide 
an education through chcmistiy for chil¬ 
dren in the 11-16-ycav age-group and, at 
the same time, to offer a sound basic 
training for future chemists among them, 
The Section’s work will affect, ultimately, 
three groups of people pupils, teachers 
and examineis. 

Pupils 

Throughout the educational world, 
there is general agieemcnL that present- 
day science teaching should place much 
more emphasis on imaginative enquiry 
and the judgment of evidence, and much 
less emphasis on dogmatic assertion and 
the memorising of facts. With this out¬ 
look in mind, the Chemistry Section has 
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been governed m its woik by the follow- 
mg principles 

(a) A clear distinction should he 
made between experimental fact 
and themetical explanation. 
Ultimately, pupils should appre¬ 
ciate how science develops from 
the inter-play of fact and explana¬ 
tion. 

(b) Pupils should be familial with the 
changing pattern of experimen¬ 
tal techniques and of modem 
trends in chemisli y. In particular, 
they should learn about the many 
exciting new substances which 
modern chemists are making and 
about the contribution of energe¬ 
tics to a new undeistanding ol 
chemical reactions. 

(c) Although pupils should know 
about the broad principles and 
overall patterns of chemistry, 
they should also be awaie that 
explanations have to be checked 
and may have to be changed. 
Science should be presented to 
them as a flexible way of inter¬ 
preting expei ience and not as a 
rigid system fm discovering 
‘truths’ 

(d) Pupils should be encouraged to 
think imaginatively and to ex- 
ploie ideas for themselves. 

(e) Pupils should develop their 
judgment so that they can deter¬ 
mine whcthei or not a problem 
can be answered by scientific 
investigation and, when it is so 
investigated, whether or not the 
evidence and its interpretation 
are acceptable. 


Teachers 

Teachers will have much greater free¬ 
dom than previously to select the content 
of llieii courses and to handle the appioach 
in line with their own ideas and the needs 
of their pupils. Tt is not the intention 
to replace one dogmatic approach to 
teaching by anothei, and what the Section 
will offer is a framework of thoroughly- 
tested ideas in which theic is consideiable 
100 m for individual manocuvie. At the 
same time, many teachers would welcome 
initially a tested clcai-cut scheme whcieby 
thev could tiy out the new ideas for 
themselves. The Section will eater for 
this demand by piovidmg such a scheme, 
laid out in detail lesson by lesson. 

Examinees 

To achieve individual flexibility, the 
type of questions set at public examina¬ 
tions will have to be carefully re-appraised. 
If the present scheme is to succeed, the 
examinations will have to place much 
more stress on testing the pupils’ judgment 
and much less on testing thcii memories. 
Part of the work of the Section is to 
look into suitable-type questions lor exa¬ 
mining the scheme. 

Fiamewoik oj Hie Scheme 

The broad outlines of the framework 
which have been worked out m close 
consultation with the Physics and Biology 
sections, arc as follows: 

Chemishy as a manipulative and intellec¬ 
tual activity. As a result of Investiga¬ 
tions and problems undertaken during 
Lhe course, pupils should have acquired 
skill and understanding of Lhe follow¬ 
ing : 

(1) Getting new materials hum old; 
(a) Making the change happen- adjus¬ 
ting conditions to bring about a 
desired change; use of thermal 
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eneigy and electrical energy; 
altering equilibria and lales of 
reactions. 

(6) Knowing whelhci or nol something 
new has been obtained —isolating 
gases, liquids and solids in a,state 
of moderate purity so that an 
operational meaning of chemical 
individuality is acquired. This 
entails familiarity with such 
procedures as fractional and steam 
distillations, crystallization from 
water and other solvents, use of 
vacuum pumps and centrifuges, 
chromatography and ion ex¬ 
change. It also implies ability to 
test whether or not the aim has 
been accomplished—use of melt¬ 
ing point, boiling point, and 
simple chemical tests. 

(2) Looking for a pattern in the 
behavioui of substances: 

(a) Reperesenling and interpreting 
qualitative and quantitative 
results —assessing evidence. 

(b) Finding and seeing major 
patterns of behaviour , and assess¬ 
ing their importance —examples 
of this aic acidity and alka¬ 
linity in aqueous solutions; 
metallic and non-metalhc 
nature; electrolytes and non¬ 
electrolytes, and the perio¬ 
dicity of properties of ele¬ 
ments. 

(3) Explaining changes in terms of 
atoms and elections, and learning 
how to check theory against fact. 
Using critically the ideas of atoms, 
ions, molecules, giant structures, 
and types of bonding as ideas 
put forward to explain facts; the 
planning of experiments designed 


to test suggestions, and the change 
ftom use of grams to the use of 
gram-atoms and gram-foimulae 
as an aid to speculation. 

(1) Using energy changes as another 
means of checking Lhcoi y against 
fact. Measuiing ‘llie heat of a 
reaction’ as a guide to changes 
in bonding; using tables which 
give heats of reactions and the 
work that can be obtained from 
leactions 

Chemrslry as the product of manipulative 
and intellectual ait wily —The mfoimation 
pupils collect may well be influenced by 
the intaests of their chemistry teacher. 
Ncveithelcss there will lie certain basic 
mfoimation that they will need to know. 
Most of this information will have been 
in the traditional course, but the justifica¬ 
tion for studying ii and the approach 
involved will lie dill'eient Some infor¬ 
mation will belong to the lcss-tiadilional 
areas of study as, for example, electio- 
ehemistry and corrosion, polymerization 
and carbon compounds Pupils, too 
should lie familial with the work of other 
people. This docs nol mean a couise in 
potted biography, but a lew well-chosen 
examples of exciting minds, of the flash 
of genius and of the fat t that chemistry 
is a product of people’s activity, to place 
the subject in a human pet spec live. Foi 
example, pupils should have some know¬ 
ledge of the way that I he concept of an 
element, the concept oi atoms, and the 
concept ol energy have developed. 

Lastly, at the end of the*course, explor¬ 
ing the behaviour of substances should 
be linked with othci scientific studies so 
that science is seen in relation to the life 
of the community as a whole—not only in 
the sense of direct application but also 
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s an addition to a body of experience 
dnch gieatly affects out lives and our 
ense of values. 

Publications in Preparation 

(1) A Handbook ior Teachers— 
Intended as an intioduclion, a 
brief outline will lie given of the 
Chemistry Section’s proposals 
and a lcsson-by-lesson scheme 
based on these proposals. 

(2) Teachers’ Guide —This book, 
to which many tcacheis are 
contributing, will discuss more 
fully Lhc Section’s proposals and 
will offer advice to tcacheis about 
the handling of numerous diffi¬ 
cult topics. Detailed tieatmcnl 
of the live-year scheme of lessons 
listed in the ‘Handbook’ will be 
given The book will also in¬ 
clude class and demonstration 
experiments written up fiom 
the teachers’ viewpoint, with 
advice about the approach to, 
and follow-up of a given piece 
of expei imental work 

(3) Puptes’ Experiments Book—• 
Instructions will be given to 
pupils for performing many 
expei iments. The instructions 
will be designed to encourage a 
vauety of aptitudes—for example, 
planning of expei iments, disci¬ 
plined speculation, accurate ob- 
seivalion and pioblcm sol¬ 
ving-but will always leave 
something I’m the pupil to con¬ 
tribute himself. 

(4) Handbook of Numerical Data— 
Tables will be given of funda¬ 
mental constants, atomic pio- 
perties, energy changes, electrical 
properties and similar phenomena 


for most elements and fm a wide 
range of compounds It is in¬ 
tended that the book will be used 
foi pupils not only for tcfcicuce 
but also as a major teaching aid— 
for the exuaction of infoimatiou 
and intci pi ctation ol evidence, 
etc. Use of the book in exami¬ 
nations will allow the setting of 
suitable pioblem-type questions. 

(5) Background Readers — The 
intention of these Readeis is to 
amplify and extend work done 
in class, and to stimulate the inte¬ 
rest of pupils in wider aspeels of 
their study. Each Readci will 
covei a separate topic and, in 
addition to factual and explana¬ 
tory infoimatiou, trill delve into 
the hislonc.il and mdiisti ial 
background of the topic 

Teaching Aid', 

The Chemistry Section cncouiagcs 
extensive use of the modern teaching aids 
that are now available. A seiies of B mm 
films—to be shown in a daylight-viewing 
back piojeetor—will be pi educed I'm use 
with the scheme, as will slides, charts and 
models. In the pieparatiou of these 
teaching aids, the aim throughout will he 
clarity of communication and singleness 
of teaching purpose. 

Tills lUOLOClY I M(i PROGRAMME 
The biology course is hoped to evolve 
aims to seive liner purposes: 

(i) To provide a sound introduc¬ 
tion to modem biology for those 
children who will leave school 
at the age of sixteen. As such 
the mateiial used will need to 
be a complete entity, 
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(ii) To contribute a suitable back¬ 
ground for more advanced specia¬ 
list woik foi biology students 
fiom 16 - 18 . 

(ni) To provide a basis for huthei 
couises of science at sixth foim 
level for non-scientists. 

Materials in Pieparalion 

A set of documents and other teaching 
materials are to be produced, aimed at 
achieving these purposes. The range of 
materials will include: 

(i) A textbook foi students written from 
a much more experimental stand¬ 
point than existing English text¬ 
books Tins will cover practical 
work, much of which will be ol 
a quantitative kind, the idea 
being to show that the study ol 
living organisms is not only as 
much a branch of experimental 
science as are physics and chemis¬ 
try, but also that it poses peculiar 
and exciting problems of its own. 
It will also deal with the assess¬ 
ment of second-hand evidence, 
i.c., the experimental basis fot 
factual material which at present 
we tend to accept too uncritically 
and to learn by rote. Biology 
will be 'presented as a unified 
subject, not as two separate 
disciplines—botany and zoology. 
An important facet of biology 
teaching is the close integration 
of what is taught m the class¬ 
room with what is discovered in 
the laboi atory. in the NulTiclcl 
biology programme it is intended 
that theory and practice should 
occur side by side, and the labo¬ 
ratory guides will be inter-woven 
with the students’ texts lather 


than published as separate 
volumes. 

(11) A guide fit leacheis which will be 
mainly concerned with suggesting 
ways m which specific topics 
might be put over and will be 
closely cross-i efcrenccd to the 
iclcvant sections of the students’ 
text It will also serve as a guide 
to the preparation and conduct 
of laboratory demonstrations and 
class practical work. In parti¬ 
cular it will suggest ways in which 
standard class experiments may 
lie elaboiated at different levels 
of sophistication without addi¬ 
tional appai alux, to provide a 
challenge for the more able 
student. 

(iii) A book of projects intended for the 
most gifted students and for 
those who show particular apti¬ 
tude and enthusiasm for experi¬ 
mental work. Here again, the 
topics will lie related to the work 
in class and will often be direct 
extension of it. Each project 
will be annotated with sugges¬ 
tions foi possible lines ofappioach, 
and appropriate reading list 
provided. It is envisaged that 
tins wmk could be done partly 
in the students’ spare time. 

(iv) A set of good visual aids. Both 
students’ texts and teachers’ 
guides will lie copiously illustra¬ 
ted with diagrams and picLurcs, 
Apart from these, a set of short 
lilms (each of about three minutes’ 
duration) will lie produced 
dealing with specific topics (e.g. 
cell division) and intended as 
an integral part of a particular 
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lesson. It is hoped that they 
may he i datively cheap and thnL 
the schools will possess their own 
sets The Technicolor R00-I5 
appaiaLus (8 nun) will he used 
Also much minified eleclum- 
liiiseioseope. and other photo¬ 
graphs of living material such as 
cells, viiuses and chromosomes 
will be piovided in sets either 
to he pinned up, handed round 
a class or projected fiom an epi- 
seope if a black-out is available. 
These will also he pioduced 
eventually as 2"—2" lantern 
slides. 

Mature of the Cottisc 

The biology 11-16 course will be built 
round a number of fundamental piob- 
lems Such themes as the lelationship 
of structure and function, the interaction 
of organism and environment, adaptation 
and natural selection, will recur again 
and again in different contexts over the 
five-year period, so that a sound operational 
understanding of them may be acquired 
by all pupils. 

An aspect of biology teaching which will 
leceivc much attention is its integration 
with physics, chenustiy and mathematics. 
The texts and teachcis’ guides will be 
cross-rcfetenced to appropuatc portions 
of the relevant physics and chemistry 
volumes produced by the corresponding 
Nuffield Projects, and with those of llie 
School Mathematics Piojcct based at 
Southampton UniveiMly. The links 
with chemistiy we rcgai d as especially 
important, and it is intended to colla¬ 
borate with the Chemistry Project in the 
writing of two documents concerning 
those areas of chemistry of particulai 


relevance to biologists One of them will 
be written by a biologist and the other 
by a chemist pi escnlmg the same material 
ftoin two different viewpoints. 

It will he important, too, to emphasise 
the f.ic l that biology possesses a dimension 
not found in physics and < hemislry — the, 
capacity of living organisms to maintain 
whaL aic, in effect, highly unstable systems 
and to utilise them as a means to survival. 

Aims in View 

In selecting basic concepts considciablc 
thought has been given to what the aims 
of an elementary course in biology should 
be. These aims aic 

(i) To develop an undcistandmg of 
man’s place in natui c. Roughly, 
the aims here arc four: 

(a) to study man as the princi¬ 
pal mammalian ‘type’, 

(b) to give some idea of the 
‘usefulness’ of biology in 
i elation to man’s cvciyday 
needs, 

(c) to make sLudculs aware of 
the profound influence of the 
activities of man on wild 
organisms and 

(d) to provide some nndci.stand¬ 
ing of the way in which 
biology enables man to in- 
Icipret observations that lie 
makes cveiy day. 

(ii) To fmtlier a icalisation of the 
vaiicty of life. 'This is a dilliculL 
aspect to tackle at an elementary 
level and yet it is obviously 
important. Inevitably, the eoic. 
of any course has to lie. based on 
a study of flowering plants and 
mammals, paitirukuly man. 
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An increase in the amount of 
ecological fieldwork should also 
help greatly to widen the student,s’ 
view of the animal and plant 
kingdoms The piovision of 
simple ‘keys’ foi plant and animal 
identification is going to be im¬ 
portant heie. 

(in) To encouiage a respect and feel¬ 
ing for all things living. Biology 
is, after all, the science of living 
things, although fiom what goes 
on m the name of biology in 
many laboratories up and down 
the country one would find this 
hard to believe There is no 
single means of achieving our 
end. Use of living oiganisms for 
study wherever possible will 
obviously help, killing only when 
killing is really needed for pio- 
per study. What arc the ideal 
plants and animals for investiga¬ 
tion indoors? Again, Ilcld-woik 
leading to a knowledge of orga¬ 
nisms in their wild habitats is 
Surely essential. 

(iv) To develop a contemporaiy out¬ 
look on the subject. This does 
not, of course, imply that every 
child of sixteen should be a poten¬ 
tial ‘molecular biologist’ in out¬ 
look Indeed, it seems essential 
to resist the idea that in order to 
study a living organism one has 
first to tear it to pieces. There 
are, however, certain areas of 
biological knowledge whei c cons¬ 
picuous advances have been 
made and to which little res¬ 
pect has been paid in present day 
syllabuses. Cytology, genetics, 
evolution, ecology and physiology 


obviously lcqunc gi eater em¬ 
phasis in a contempoiary ap¬ 
proach. 

(v) To tecuh the ait of well-planned 
observation, the piopci formula¬ 
tion of question and the design¬ 
ing of observational and experi¬ 
mental methods including the 
use of ccmliols. There now 
seems to be fairly widespread 
awareness of the inadequacy 
of laboratoiy work in schools. 
As far as Nuffield Biology is 
concerned, Lhe task is to produce 
a sci ics of cxpci iments which will 
promote an aUiLude or enquiry 
lather than one of unimaginative 
verification. The problem con¬ 
sists only paitly in designing new 
practical work; it is equally a 
mallei of te-oricntaling our 
approach to much that already 
exists. 

(vi) To develop a ciiLiral appioach 
to evidence. No one will deny 
that far too much of our present 
science teaching merely involves 
an unethical assimilation of facts. 
If our approach to practical work 
is to be re-oricntalcd, clearly the 
presentation of theory must be 
in sympathy with it. When con¬ 
sidering generalisations, must we 
not try to ptoducc some of Lhe 
practical evidence cm which they 
are based? The writing of 
more lively texts will certainly 
help; but, once again, the even¬ 
tual solution of the pioblem 
rests in a radical change of 
teaching approach, a change 
which only the teacher himself 
can bring about, 
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(vii) To encourage and develop an 
attitude of curiosity and enquiry 
All leach as would agree that 
such an alliLudc is innate in the 
ma|onty oi’rhildien eiiteiing nui 
secondaiy schools Mow much 
of iL lemains Lwo yeai.s later'’ 
How often do we fail Lo gi asp a 


precious opportunity of develop¬ 
ing a facet of human peisonahty 
which will coloui the icst of a 
child’s scientific learning:’ The 
problem serves to underline onec 
again the need fin an objective 
and enqun ing attitude, especially 
duiing the introductory yeais 

( Concluded ) 


Recent Developments in Secondary 
School Science in Australia 


A N attempt has been made in this report to summarize the information 
received from the six individual states. 


Organisation 


GENERAL 


STATE 

MINIMUM 
LEAVING AGE 

SCIIOOI 

PRIMARY 

, YEARS 

SECONDARY 

NOTES 

Western 

Australia 

End of ycai in 
which pupils 
turn 14 

7 



Queensland 

14 

8 

4 

Pattern changing to 7-f5. 
Leaving age to be laiscd 
to 15 

New South 
Wales 

15 

6 or 7 

5 

Sixth year secondary be¬ 
ing added. 

Victoria 

14 

6 or 7 


Leaving age 15 in 1964 

South 

Australia 

15 

7 oi 8 

5 


Tasmania 

16 

7 

5 



Note' A consideiablc proportion of pupils continue beyond the statutoiy minimum 
leaving age. 

Paper picscntcd al the Commm wealth Confcitncc nu ihe Teaching ol Science m Schools, held 
in Pcradcniva, Ceylon, in December, 1%3. 
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SECONDARY COURSES - SECONDARY SCHOOLS 


YEAR 

IV. A. 

02 ID 

j v.s.w. 

VIC. 

S.A. 

TAS. 

1 

GS or Sep 

Sep <p 

GS* 

GS 

GS or Sep 

GS 

2 

GS or Sep 

Sep (ft 

GS" 

GS 

GS m Sep 

GS 

3 

GS or Sep 

Sep 0 

Scp0 

GS 

GS or Sep 

GS or Sep 

4 

Sep 

Sep « 

Sep0 

GS 

Sep 

GS or Sep 

5 

Sep 


Sep 

Sep 

Sep 

Sep 

6 




Sep 




* Recent change 

fChangc being implemented to provide GS m place of separate science 


GS A ‘generalized’ science which may be called General Science, Science, 
Elementary Science 

Sep Separate sciences. Physics and Chemistry arc almost nation-wide, except 
for some girls’ schools. Biology is very popular in most States, Other 
separate sciences include Agricultural Science, Geology, Physiology, Botany, 
Zoology. 


Management and Guidance 

In general the pattern is similar for the 
various Slates. Courses of study for the 
early secondary years aie planned and 
guided by individual schools, groups of 
schools and representative committees 
heavily weighted witli practising teachers, 
advisors and inspectors. In later years, 
when public examinations appear, 
University and/ or lay representation on 
planning committees begins to become 
significant. In some Slates universities’ 
directive influence is being lcplaccd by 
guidance particularly in school years 
other than that concerned with matricula¬ 
tion. 

Matriculation is m the final year in 
each case except South Australia which 
awards matriculation at the end of its 


fourth year at present, but which plans 
to change to a final year Matriculation 
m 1965. 

SYLLABUS AND COURSES OF STUDY 
Broad Sm vcy 

Sepaialc reports from each oT the States 
indicate the existing situation. Some 
broad trends which may be appearing 
include: 

1. Acceptance of a broadly based 
science, course foi all pupils up to 
the age of about 15 years. 

2. Consolidation of the place of 
physics and chemistry as basic 
separate sciences. 

3. A lively interest m, and some 
acceptance of, changes in content 








SF.C'ONDARY SCHOOL SCIENCE IN AUSTRALIA 


175 


and methods of presentation of all 
science subjects. 

4. An increase in biology as a school 
subject. 

5. Incicasing emphasis on the place 
of piactical wmk in all science 
comscs. 

6 Increasing acceptance of the idea 
that fundamental concepts should 
foim the basis of courses, that a 
course should be integrated by 
using these fundamental concepts 
and that the sevenal sciences are 
themselves inter-related Op¬ 
ponents of these ideas express 
themselves on the giounds that 
such courses may tend to become 
inappiopriatcly academic and 
may fail to recognize the pupil’s 
desire to explain and nuclei stand 
significant environmental appli¬ 
cations. 

7. A demand feu .sufficient tune to 
allow differential rates of pro- 
gress and to cneouiage the use of 
pupil-discovciy exercises. 

EQUIPMENT, BOOKS AND AIDS 

Methods of Supply of Equipment , Chemicals 
and Mateiials 

Schools obtain ecpnpment, chemicals 
and materials in various ways in different 
States and systems. These ways include: 

1. Purchase from school funds or 
from a science fee. 

2. Purchase from Government grant. 

3. Supply by Government contract 
and delivery direct to schools fiorn 
successful tenderers 

4 Supply from a central Government 
store, either following application 


by (he school or as standardised 
supplies for new schools. 

The first two of these have the advant¬ 
ages of control of quality by personal 
buying but, except where schools arc long 
established oi geiieicmsly endowed, pro¬ 
viding sufficient quantity is olten a 
problem. The laLlci two have the advant¬ 
age of bulk buying at competitive prices, 
they cncoLuage new supphcis to enter 
the field and, by using a ccnlial store, 
some measure of quality control is main¬ 
tained, Delays between application and 
supply aie sometimes a problem m Lhc 
third and fourth methods of supply, ImL 
in gcncial, small schools aie more liberally 
supplied by these latter two methods. 

Range oj Equipment and Mateiials 

Clommeicial suppliers are able to 
provide a lull lange of apparatus foi all 
sciences, much ol which is locally manu¬ 
factured Syllabus changes which 
necessitate new equipment items cause 
little difficulty, local manufacturers show¬ 
ing increasing willingness to pioducc 
prototypes quickly. Some problems of 
laigc-sealc supply have been experienced 
in the electronic s and atomic fields. 
Imports of suitable but cheap items from 
Asia and Europe have stimulated competi¬ 
tion and have enabled schools to provide 
more Iibetal supplies paitioularly in 
optical equipment. The Australian 
chemical industries are developing steadily 
and the range of chemicals necessarily 
imported is dec leasing. Institutes, pro¬ 
fessional oiganisations, mining companies, 
Government departments and private 
companies contribute significantly, either 
by gift or sale, such items as geological 
specimens, biology specimens and slides 
and samples of industrial process pro¬ 
ducts. 
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Expciidilme is diflicull to assess, but 
/,'ljOOO pci year for a school of 1100—1,000 
would not be uucommom. 

Books 

Local book-writing has increased in 
recent years and most science courses arc 
now satisfied by a local product Woilc 
in this field might be summarised con¬ 
veniently as : 

i. Books written by panels with the 
idea of pioviding guidance and 
interpretations for an expressed 
course of study, ofLcn suggesting 
possible methods of appioach but 
not intending to prescribe the 
teaching of the subject. 

u Books written by individuals about 
a special science or general science 
with sufficient attention to con¬ 
temporary trends to invite teachers 
to prescribe these books as text¬ 
books 

lii. Books written by individuals 
to supplement existing textbooks 
where these arc found to have 
shortcomings with respect to 
courses being studied 

The Australian publishing industry is 
developing. Competition from Govern¬ 
ment publishing resources, particularly 
in recent significant publications in New 
South Wales and Western Australia and 
from American sources when the quality, 
format and style of publications display 
added attractiveness, are serving to in¬ 
crease commercial publisher’s alertness 
and initiative. 

Supply of Books to Pupils 

Different States have different systems, 
including individual purchase, rental 
systems and free supply. There is a 


general trend towauls each pupil having 
a copy of a textbook for his own use and a 
fail I y sluing bend towuids mcieased 
binary facilities appinpriate to science at 
each level. Sets and Individual copies 
of leference books, periodicals and 
magazines on individual topics aie 
common in many school or subject 
libiarics. 

Aids 

Iluudieds of charts are available fiom 
a wide range of somccs. Most of these 
arc excellent in quality and as teaching 
aids. Costs vaiy consideiably, impoited 
chat is tending to be latlicr expensive 
Stale Government dcpai Intents have 
developed then own burnelies for the 
pioduclton and reproduction of visual 
aids including charts and films. Film 
strips arc extensively used and movie 
films, readily bmrowed free from Govern¬ 
ment film centres or hired bom agencies 
continue to find increasing use in science 
teaching. Local production of models, 
slides and photo-micrographs is meeting 
an cvcr-mucasing demand. 

Radio and Television 

Radio has provided time for science 
broadcasts for many years. Most of 
these broadcasts are locally pioduced by 
practising teachers and lecturers. Cur¬ 
rently, television time is being provided 
for presentation of school .science topics, 
and several programmes on television 
intended for general viewing, have proved 
significant for senior school science pupils. 
The use of television for some aspects of 
teacher training is proving popular and 
valuable Most states have special 
committees to investigate, plan and pro¬ 
duce television material and techniques. 



Recent Developments in the Teaching 
of Science in New Zealand Schools 


P RIMARY schools take ehildion from 
age 5 to age 13+ In many areas, 
pupils are transfened at about 11+ to 
Intermediate schools where they stay for 
two years (Forms I and II) Secondary 
schools commence at Foimlll (age about 
13). Some pupils leave on attaining the age 
of 15 years School GeiUhcatc Examina¬ 
tion, conducted by the Department ol 
Education, is attempted at the end of the 
thiid year (Form V). University Entrance 
Examination, conducted by Universities 
Entrance Boaul, is taken at the end of the 
first year in Form VI. A competitive 
Entrance Scholarship Examination is 
taken in the second Form VI year, but 
bursaiies for Univeisily study me avail¬ 
able to all pupils with an Entrance quali¬ 
fication oi better, 

Pnmaiy Hthooh 

Since 1954 a Nairnc Study Syllabus lias 
been in operation m all primary schools, 
The work is done throughout the schools 
by class teachers who i arely have any 
science training beyond what they have 
received at Teacher’s Training Colleges, 
Teacheis are assisted by ltineuml specialist 
instmetors. 

Some lour or five years ago It was 
decided by the Depailment of Education 
that a wholly biological approach for all 
primary school science was unbalanced 


This was paiticulaily so for pupils m 
Forms I and II (aged 11 and 12). Since 
that time teachers have been encouraged 
to introduce work on the physical sciences 
m Forms I and II. Teachers’ College 
programme have been adapted and many 
m-service courses held Expeumcnts 
with specific units of work have been con¬ 
ducted in schools and these are now 
crystallising into a new science proguimme 
lor primal y schools 

A General Science Ciunculum Revision 
Croup has recently been I'm mod to produce 
a geneial science piogramme lor pum.ny 
and seeonthuv schools, with partieulai 
emphasis on the Founs I to IV areas, 

Smntdmy Sdwols 

A slaudaul pattern of scacmc courses 
in all secondary schools, both state ami 
independent, was inlioduced in FM5. 
Pupils me leqmred to take a basic course 
m Ceueial Science, the syllabus of which 
is sufficiently bioad to penult different 
approaches in schools or within a pailieular 
school for dilfmmt types of pupils. The 
syllabus has not been changed since 1945, 
but the treatment in schools has shown 
some advance. (This is the basic 
syllabus which is to he revised now along 
with the primary school syllabus). 

Science teaching in secondary schools, 
which has been traditionally on the English 
pattern, is hugely directed towards the 
examination taken at the end ol Ft am V, 


Paper piesonted at the Commonwealth Confeienoe on the Teaching of Science in Schools, held in 
Peradeniya, Ceylon, in December, 1903. 
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Form VI B and Form VI A. The School 
Certificate Examination (Foim V) has 
the following major science options: 
Geneial Science (Chemistry and Biology 
with a choice of Physics or Nuliition), 
Chemistry, Physics, Biology. Of the 35,000 
candidates foi the November 19G3 exami¬ 
nation about 15,000 are olfciing Geneial 
Science, 11,000 Biology, 5,000 Chemistry 
and 3,500 Physics. (Many candidates 
offer two of the options). Foi Umveisity 
Entrance and Scholarship the science 
options are Ghemistiy, Physics, Biology 
only 

All secondary schools have a number of 
science laboratories and the normal time 
allocation to science options in each foim 
is live or six periods pci week (each '10 
or 45 minutes). About one-third of the 
time is devoted to piactical work 

Minor changes in prescriptions for the 
examination at the three levels have been 
made over the years; but the opinion of 
teachers generally is that the prescriptions 
are very much out of date There has 
been a growing tendency in all forms to 
intioduce ideas from modern Amciican 
texts and in the V Foim, and move so, 
in the VI Form some American texts aie 
being used by pupils. Many Icacheis 
have experimented with new American 
courses. 

The first major change m school science 
courses was made in 19G1 when two 
American Professors with an intimate 
knowledge of the PSSC Physics course 
were brought to New Zealand to conduct 
a concentrated 4-wecks m-servicc course 
for a group of experienced physics teachers 
Following this course, the New Zealand 
Department of Education purchased 
sufficient textbooks, teachers’ guides. 


equipment and films to allow PSSC Physics 
to stait m the VI B (Univeisity Entrance) 
classes of 12 schools in February, 1962 
Special arrangements were made with the 
Universities Entrance Board for the 
examining oi pupils billowing this course 
Since that time the majority of Form VI 
physics teachers have been through a 
PSSC in-service course and about 80 per 
cenL of schools will use the new course in 
19G4. 

The New Zealand physics teachei has 
not accepted the PSSC couise as the 
complete answei An evaluation 
committee oi leathers and University 
stall' has been winking since 1901 on 
modifications of the* cotuse to suit New 
Zealand conditions. Principal modifi¬ 
cations have been made in Pait 4 The 
inahi.iliim committee has also been work¬ 
ing on the piohlcm ol suitable Physics 
couise beloie and alter the VI B (PSSC) 
yeai. The New Zealand pupil will have 
done some Physics in his Forms III, IV 
and V years eithei in Geneial Science or 
in the School Ccililicate Physics option 
and lie may he carrying on to Scholai- 
ship Physics in Foim VI A, The Ameucan 
one-year nmr.se does not suit this pattern. 

While teachers aie convinced that 
PSSC Physics, with its sticss on funda¬ 
mental concepts, has put new life into 
school Physics leaching, they are not 
committed h rcvocably to tins Ameucan 
course. Further modifications -will be 
made. Teachcn generally would be most 
interested in a Biitish Physics course, 
but adapted for a three or four year 
secondary school course. 

Chemistry has always been the major 
separate science in New Zealand schools. 
At its final point in schools (Form VIA) 
Chemistry teaching is of high standard. 
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Teachers arc well equipped academically 
to have endeavoured to keep themselves 
abreast of modern developments in 
approach and content. Because British 
advances have in general been thought 
to be overcautious and conseivative, 
there has been a strong tendency m recent 
yeais to turn to the United Stales 1 luring 
the last two yeais, a number of teachers 
have experimented with both the CBA 
and CHEM study courses In September 
1963, the Department of Educalnm 
convened a meeting of University and 
School Chemistiy (cachets to examine all 
available new material liom the United 
Kingdom and the United States. The 
recommendation ol the meeting was that 
the CHEM study pi ogi amine should he 
tried out m full in a limited number ol 
New Zealand schools m 1%1, This 
lecommcndation has been agieed to and 
an alignments have been made (m a 
special Umveisity Enhance Examination 
on this com sc The work done in the 
selected schools will lie studied by 
University and school stalls and by the 
Department of Education 


Biology is part of the General Science 
for all secondary pupils and is also an 
increasingly popular science option loi 
public examinations m Fonns V and VI. 
Although English texts are used almost 
exclusively, New Zealand leachcis have 
been active in producing slim t texts and 
teaching material of their own. These 
aie based on indigenous matcual and 
rcllccl also the very gi cal mteresL in 
local ecological studies. Many Icacheis 
have had access to the American 
BSCS matcual and this has aroused 
considerable interest The Dcpailmcnt ol 
Education hi ought together umveisity 
and school biology experts in September 
1%3 to suivey available matcual and 
make recommendations on the main lines 
of future development. This cmifncncc 
decided lhat there was gieat meut in the 
approach of oversews school biology 
ccauses, paniculaily BSCS, hut lecun- 
mended the ptocludion ol an entirely New 
Zealand course. Steps are now being 
taken to second experienced lmiveisily 
and school staff members to nuclei take 
the work 
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Scientists You Should Know 

LINUS CARL PAULING (1901- ) 


A BOLITION of nuclear weapons is 
perhaps the wise view of all elder- 
statesmen as well as peace loving people 
all over the world today. It may Surprise 
a few that such a vjew should come from 
a scientist because, scientists are now 
generally held responsible for the ci ca¬ 
tion of a period of tension and danger. 
When Linus Carl Pauling, Professor of 
Chemistry at the California Institute of 
Technology was awarded the Nobel Peace 
Prize for the yeai 1962, for his ellorls 
towards banning the nuclear tests this 
amazement grew still more. 

The new powers that science and tech¬ 
nology have put into our hands can be 
abused thus bringing about chaos and 
destruction. On the other hand, these 
unlimited sources of powei have also 
increased our capacity to shape our lives 
for good. Actually the present is a period 
of testing Professor Pauling responded 
to the call of his inner conscience and 
revoked against the present nuclear race 
which threatens to ruin completely the 
future of mankind. He had been award¬ 
ed earlier the Nobel Prize for Chemistiy 
in the year 1954 for his epoch making 
discoveries in the field of chemical bonds 
and electro-chemical theory of valency. 
Thus, Pauling along with Madame 
Curie shares the unique distinction of 
being awarded the Nobel Prize twice But 


lie is the first individual to be awarded 
two undivided Nobel Prizes. Perhaps 
a coincidence ol'gieat value is the date of 
announcement of the uwaid, i.e , October 
10, 1%‘L the day on which the three 
atomic powei s Ameiiea, England and 
Russia signed the Moscow Treaty foi 
banning nuclear weapons 
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Lnuis Gail Pauling was burn m Poll- 
land, Oicgon, on Fchruaiy 28, 1901. By 
descent he is both Gcimun and Bnlisli and 
is the son of a druggist. lie gtadualcd 
fioni the Oregon State College in 1922 
and obtained the Ph.I). degree from 
the California Institute of Technology 
in 1925. Pic then began his intensive 
research into molecular slructiue and the 
natuie of the mysterious chemical bond, 
the forces that join atoms togethci to 
form simple and cxliemely complex 
molecules. Later lie did his post-doctoiatc 
work in Munich, Zunch and Copen¬ 
hagen with the gicatest scientists of the 
day like Arnold Sommcrhcld, Niels Bohr 
and others. It was at the time of his 
rcLuin from Lliis European lour that he 
was appointed a Professor at the age of 
30 ancl lie succeeded to the Chau of his 
teacher Atlhur A. Noyes in 1930. I-Ic 
married Ava Helen Miller of Oregon 
in 1922 He and his wife have four 
children and eleven grand-children. 

Most of his scientific work has dealt 
in one way or another with the nature of 
chemical bond. In his papeis he has 
discussed the various Lypcs of electron- 
bond mechanisms, and applied the electron 
theory to the structure of molecules, crys¬ 
tals and solid materials. His ideas gave 
to the scientific world a fuller picture of 
the structure of molecules than it had ever 
before According to a fellow scientist, 
‘Pauling’s papers on the nature of the. 
chemical bond ancl of resonance have 
altered even the language of sliuclural 
organic chemistry’. These clear-cut ideas 
laid the foundation of a new develop¬ 
ment in industrial chemistry, viz., the 
production of synthetic fibres, synthetic 
rubber, plastics, and other comparable 
‘man-made 1 materials. These also form¬ 
ed the basis for his well-known book, 


Native nj the Chemu.ul Bond (for which he 
was awaidcd Nobel Prize m Chemistry 
in 1954). 

In more recent years his mtcicst has 
changed and he has vigorously studied the 
structure ol antibodies and the nature of 
seiological systems. The charactcnsLcs 
of the protein molecule which forms the 
foundation of both animal ancl plant cell, 
fascinated him and he feels that ‘the 
foundation has been laid for men to make 
a penetrating attack on the nature of life 
itself’. Pie has also studied the role of 
abnormal molecules in causing disease, 
especially abnormal haemoglobins m 
relation to sickle-cell anaemia and other 
hereditary haemolytic anaemias, and 
abnormal enzymes in relation to mental 
disease 

In 19-18 lie wuotc (about himself), ‘I 
was a physical chemist with a dominating 
interest in the forces which cause atoms 
to join into molecules and molecules to 
react with one another. Later I tested 
haemoglobin, which gives the blood 
cells their led colour and has a large 
molecule. I found that in the arterial 
blood the haemoglobin w r as repelled by 
a magnet, but in the veinous blood it was 
attracted’. This led to the study of the 
chemical bond between the haemoglobin 
and oxygen. In collaboration with 
A E. Mirsky he produced a joint study 
in this regard. 

This paper alii acted the attention of 
Karl Landstcincr, the discoveror or 
blood types, who asked Dr. Pauling if his 
theory of chemical bonds could throw 
light on a certain antibody leaction. 
Thus, with the friendship of both, the study 
of immunology began. Pauling said, 
‘I gave a great, deal of thought to the 
chemical aspect of immunology, trying 
to understand, in terms of the chemical 
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bond, how an antibody neuli abacs a 
vims or other antigen.’ By l 1 )!!’! heli:ul 
at lived at a chemical picture ol the icar- 
tion and repenLed Ins results to the 
Amciiam Chemical Society as 'A tlicoiy 
ot the slructuic and pioccss ofloimdalioii 
of antibodies’, 

Duiing the ycais 1939-1945 lie was 
the ollicial mvcitigaloi for the projerls 
of National Research Committee on 
Medical Research and the Office of 
Scientific Rcscaich and Development, 
Howcveij he became a con li over,sial 
figure m 1955, as the leading professional 
scientific ciilic of the American nuclear 
deterrent policy, lmably setting out Ins 
views in ‘No Moie War’ (1958) 

It will be now clear why the atom 
bombs haunt lhofcssor Pauling so acutely. 
He is one who cleaily understands the 
mighty power of an atom bomb and the 
colossal loss which it causes to humanity, 
It was this urge which made him resign 
from the Chairmanship of Division of 
Chemical Engineering of the California 
Institute of Technology in 1958. He 


has his own nmvulions and sticks to 
them unwavcml A good example of 
this muiageol conviction is his daring 
statement brlmc a poll(kalgalheiing 
whoie he said, The piohlemof atomic 
war should mil lie ((infused by minor 
piohleins like (<inumuiisniversus capital, 
ism’. 

Sixteen universities all over the world 
have honoured him by awarding hono. 
iary degiees of Doctor of Science, The 
Royal Sot iely of London not only made 
him a foreign member hut presented him 
with the Davy Medal in the year 1947, 
He was Ccoige Kastman Piofessor of 
Chemistry at (Mind University in 1948 
and visiting piofewn lor short periods at 
various other universities, lie is an 
honorary nicmbci of the Academics of 
Stienee ol Kianee, Nonvay, the U S.S R, 
India, Italy, Belgium, Portugal and scveial 
other (ountries, [Iis conlubutions to 
chemistry and medicine have been 
recognized by several awaids ol medals, 

G,S. PALIWAl,, 



Test Your Knowledge 


Whal kind of plants turn to coal ? 

More than 3,000 species of land plants 
(including fresh-water and stagnant 
water species) have been identified from 
coal beds of the Carboniferous—the 
Mississippian and Pennsylvanian periods 
of the Palaeozoic era—the Age of Cloal 
None of them grew in salL water. There 
seem to be no essential differences among 
these plants in regard to the various ranks 
of coal; furthennore, they aic not too 
much different from the vascular vegeta¬ 
tion (dominantly conifers) growing at 
the present Lime in peat-forming swamps. 
During the Carboniferous era, however, 
they rose to asLounding sizes Ferns 
stood like 50-feet trees, and rushes, such 
as Calamites, with its jointed stalks, grew 
100 feet tall. Lycopods, which today 
are small shrubs known as clubniosscs, 
also reached 100 feet above the ground. 
Lepidodendton and Sigillana are so-called 
scale trees, with distinctive scars marking 
the places where the leaves were attached 
to the branches. 

Ate birds able lo think at all ? 

Scientists believe most bird behaviour 
is the result of instinctive reaction. Never¬ 
theless, it appears that birds do depart 
occasionally from the instinctive pattern 
and act in a way that indicates a certain 
amount of reasoning. The fact that 
herring gulls take advantage of cement 
highways and parking fields when they 
drop clams on them, thus breaking them 
open, is frequently cited in this respect. 
It has been observed that an American 
egret at Lake Eola in Orlando, Florida, 
takes note of the fact that bread thrown 


to the clucks attracts fish. The egret 
repeatedly picked up bread dropped on 
the shore and put it in the water. It 
then watched intently until fish nibbled 
at the bread, wheieupon the egret speared 
the fish. 

Why me buds not elccltoculed when they perch 
on high-tension wites ? 

If electricity were, to harm a living 
creature, there must be a ground. Wires 
stmng along poles pass over glass or other 
insulating material which prevents tire 
electricity fiom being grounded at the 
pole. When a biicl perches on a high- 
tension wire thcic is no ground, therefore 
the bird is unharmed. However, if the 
bird perched close enough so that some 
part of its body touched the pole or another 
exposed wire, it would be electrocuted, 
for, then a ground or circuit would be 
made. 

Does healhing begin early in embiynmc life ? 

Breathing does not begin until a day 
or two before hatching. The chick buisls 
the sheath that sunounds it and pushes 
its bill into the air chamber which at 
that time occupies about \ of the space 
within the egg. At once breathing 
begins. This is accompanied by a sharp 
rise m combustion, which in turn causes 
an abrupt drop m weight. 

Why don'/ buds fall fum then patches when 
ad cep ? 

The grip or a bird is tightened by an 
ariangement of tendons so that the foot 
is not relaxed in sleep. As the bird sinks 
into a resting position, the large flexor 
tendons in the toes are stretched in such 
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a way that the toes are automatically 
pulled inward, making the grip ever tighei. 

When a biid is in sleeping position, it 
lays its head on its back, so that it is sup¬ 
ported without muscular effort. Perfectly 
balanced and with the tendons pulling 
the tips of the toes inwaid, a bud sleeps 
safely, even though a high wind shakes 
its perch, 

I f lhf moon actually ulvny in cohur 7 

Various tests of the light reflected from 
the suiface of the Moon compared with 
light reflected from a variety of substances 
found on the Earth show that the light 
ftom the Moon is most like that icfleetcd 
from sandstone, that is, a brownish 
gray in color. Actually, the Moon is 
one of the poorest reflectors of light in 
the solai system. 

How do we know Ike temperatwe of a slat ? 

An instrument called a thermocouple 
indicates the amount of radiation we 
receive from a star. If the star’s distance 
is known, its real temperature can he 
calculated. The spectroscope will tell 
us of the behaviour of the atoms that 
make up a star, and laboratory experi¬ 
ments give us a criterion for the behaviour 
of atoms of various elements at various 
temperatures. It is possible to estimate 
very closely the temperature of any star 
whose spectrum can be studied, 

Why should you not drink seawater ? 

Because seawater is so saltish that it 
takes more water from you than you can get 


limn it, so that you are lefl worse off than 
before. The blood of land and fresh 
water animals, including our own, has 
much less salt than the sea, possibly 
because the sea has continued to get 
saltiei since the time our ancstors origi¬ 
nally loll it, which was at least seme 
hundred million years ago. 

What cattu'S the tide •’ 

The attractive I'm a* ol the moon, pri- 
mniily, and to a lesser extent that of the 
sun as well. As the earth rotates, each 
section of the walciy envelope which is 
the sea comes to he in line with the 
moon’s pull approximately twice a day, 
In consequence a pulse or wave is set 
going which we call the tide. It starts 
where the water is deepest and wheie 
there is least land to interim*, which is 
somewhere in the Southwest Pacific 
Ocean, Ftom there the tidal wave 
travels west through the Indian Ocean 
and passes north through the Atlantic 
into the Arctic seas It, also moves from 
the ccnlei of ought east and noilh across 
the Pacific. 

How often docs the tide use and fall in a day ? 

Where the moon tide is the predomi¬ 
nant tide, as it is throughout the North 
and South Atlantic Ocean, the lideiises 
and falls twice in every twenty-four hours, 
The Pacific Coast tides, however, are 
more complex, although fm most of the 
Pacific Coast there are sLdl two tides a 
(lay, In the Cull’of Mexico there is but 
one small tide a day. 
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CAN MEMORY BE CONDITIONED BY 
CHEMICALS 

AN you explain the phenomenon of 
memoimng'’ Previously the merlia- 
nismof memory was attributed to the phy¬ 
sical relationship of the neives. The pie- 
sent theory is that mcmoiy might be based 
on biochemical process. Research on this 
aspect was started by I-Ieydcn, a Swedish 
scientist in 1950 and it is now being 
canied on mmanyothei countries. AH 
these experiments interpret the pheno¬ 
menon of memoiization in a new way. It 
has been observed by workers in the 
University of Michigan that in mice, some 
kinds of learning depend upon the animals’ 
speed in synthesizing ribonucleic acid 
(RNA). They found that the time 
required for a learning process can be 
shortened or lengthened according to the 
slowing down or speeding up of RNA 
synthesis, Still, how the ncivous impulses 
modify the arrangement of nitrogenous 
bases in RNA is unknown. Walter in¬ 
vestigated the influence of emotions on 
the learning piocess. A permanent 
memorization needs a certain time, to 
stabilize. What is learnt when one is 
emotionally affected is scarcely 1 emembei- 
ed immcdialey aflerwauls. But it can he 
remembered after a certain lapse of time, 
a week for instance. Experiments with 
animals have shown that learning and 
memory are transferable horn one flat 
worm to another by the use of body 
chemicals, including RNA, 

S.D, 


INFRA-RED TV CAMERA DETECTS 

invisible, liquid hydrogen fires 

Foimerly invisible, fires of liquid hydro¬ 
gen, increasingly used as a space-rocket 
fuel, can now lie seen with special detec¬ 
tion equipment developed in the United 
States. 

The system is expected to add consldei- 
ahly to the safe use of the powerful, volatile 
hydrogen which until a few yeais ago was 
considered too hazaidous as a rocket fuel. 

The five-warning system consists of two 
■small television cameras mounted sidc-by- 
sidc so that both cover the same field of 
view. One camel a shows the scene in a 
normal way. 

The second camera, howevet, has a 
special lens which lilteis out noimally 
visible light and allows only infia-ml 
ladiation waves to enter the camera. 
The inft a-red picture reveals any hydrogen 
lire, hut no other aspect of the scene 

In operation, the picture fiom the two 
camei as are supci imposed on each other 
so that the viewer can see anv hydrogen 
lire at its exact location in the scene. 

The system was developed alter two 
yeais of lesoaieli and testing by General 
Dynamics/Aslronauties at San Diego, 
California. 

The development is significant because 
it will add lo the advantages of liquid 
hydrogen which pioviclcs about 40 
per cent more energy per pound of pro¬ 
pellant than conventional keroscnc-lypc- 
locket piopellants. But, besides burning 
with invisible flames, liquid hydrogen is 
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coloutless and odouiless unless itnpmilies 
are present. 

The new fire-detection system can he 
employed at hydrogen test: facilities, at 
launch complexes for hydrogen-fuel rockets 
and for anborne surveillance abuaul space 
vehicles, 

RESEARCHERS STUDY USE OV LASER 
LIGHT AGAINST GANGER 

San Francisco, California: American 
researchers report use of a powerful laser 
light beam to arrest cancers in hamsters. 

In the highly preliminary laboratory 
experiment, various types of cancel 
planted in the cheek pouches of hamsters 


gmv srnallei and the type seemed to 
disappeat a number of days after treat¬ 
ment with the intense light lay, 

A team of doctors ftoin the TufLs-New 
England Medit al Centre in Boston and the 
Raytheon Company oi'Wuyluud, Massa¬ 
chusetts, nude the i epoi t to the Amei iran 
College of Surgeons meeting line 
They leuncd the expet intent 'promis¬ 
ing’ lull cautioned, 'we < annul claim 
laser treatment to constitute a cure lot 
cancel in human patients at this time.’ 

Officials of the College of Surgeons 
called the expeiiment ‘interesting.’ 
Lasers have previously been used 
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expeiimcnLaily m debt ate eye suigeiy lo 
conecL ielin.il tlclei is. 

The New England gioup used .l ndiy 
label, in whieli a duel pulse ol blight led 
light is pi educed 

They aimed the light beam, lasting only 
a tiny fraction of a second, at the Uimouis. 
Tlieie was no immediate elfecL on the 
Lumouvs olhei than a liny huinrd sjiol 
Aftei several days, howcvci, cme type id 
cancel appealed to glow sniallei and 
anothei type seemed lo disappear alto- 
gelhei 

NEW DEVICE PERMITS MICROSCOPIC! 
EXAMINATIONS OF INNER TISSUES 
WIII-IOUT INCISION 

A United Stales physician has invented 
a device which pci mi Ls miuoscopic 
examinations of living flesh inside a 
patient without an incision or removal ol 
flesh 

The invention is known as a ‘hypo¬ 
dermic microscope’ because it links a 
microscope with a standard sDc hypo¬ 
dermic needle of the type used to inject 
medicines. The device permits a physi¬ 
cian to look beneath the skin inside the 
human body through the hypodermic 
needle. 

The inventor is Di, CUiailes Long 
Associate Professor of Physical Medicine 
and Rehabilitation at Western Reserve 
University School ol’Medieine, Cleveland, 
Ohio 

On a grant horn the U.S. National 
Institute ol Neurological Diseases and 
Blindness, Dr Long consulted two optical 
scientists, Donald A. Pontaiclli and 
Anatoli Brushcnko of the Illinois Institute 
of Technology's Reseaich Institute in 
Chicago. 

The scientists spent several mouths 


experimenting with tentative designs. 
The lieai l ol the new devne is a pan ol 
tiny bundles containing 10,001) glass lilacs, 



Device dial pci mils tlncct mici uscopic 
obscivaticm fit living sliuctuie 


so small that they lit inside the needle 
One bundle carries light into the patient. 
The other bundle picks up the light that 
is reflected from the tissue under study 
and carries that light back Lo the nncio- 
sccipe which is attached to the needle. 
The image is magnified by and viewed 
through the nunoscope 

In the past, micioscopic submitla.ee 
examinations of anatomical slim luies 
reipmed a biopsy, that is, Magical lemoval 
ol a piece of flesh from the patient. 

The device penults on-thc-spol obser¬ 
vations of blorcl vessels and other anato¬ 
mical sliuctuies m the living state. 
Normal and abnormal changes in these 
structures and changes caused by diugs 
can be observed for diagnosis and reseaich. 
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A cameia attachment makes possible a 
pcimanenl lccord of the findings. 

AGES OF STARS CAN Ills MEASURED ltY 
NEW TECHNIQUE 

The ages of stars can he measuied by 
a new lithium-counting technique develop¬ 
ed by astronomers at the University ol 
California’s Lick Obscrvatmy. 

The technique is based on Lhc fat L that 
young stars aie rich in the element ol 
lithium, the lightest of all metals. As a 
star ages it casts olf lithium at a relatively 
steady late. 

Astronomers use a telescope to focus the 
light horn the star they want to measure 
and then spread that light into a rainbow- 
like spectrum. They photograph this 
spectrum whose daik lines represent 
chemical elements including a line lor 
lithium which can then lie analyzed. 

The new method may help bring new 
knowledge about the origin of stars 
including the sun. 

13) courtesy. United Stales Information Scivice, 

New Delhi. 

ELECTRONIC FLOOD WARNER 
The first flood warning given by an 
electronic system iccently installed in the 
Macleay River Valley on the north coast 
of New South Wales, Australia, proved 
highly accurate. 

A flood in the area duiing the fust week 
of March was accurately foretold 27 houis 
before it arrived. Then, eight hours 
before it was due, the system modified its 
foiecast to say that the flood would reach 
a height of 15 ft. G in. and would arrive at 
midnight. The actual height of the flood 
was 15 ft. 5 m. at 1 a.m 
Known as the Radio Reporting Ram 
Gauge System, it is the first to operate m 
Australia, It was installed for the Federal 
Buieau of Meteorology by Telecommuni¬ 


cation Company ol Australia, a division of 
Philips Electrical Induslues. 

The system is fully automatic, and 
enables weallieimen al a reemding centre 
in the coastal town of Coifs Haibour to 
obtain accurate, up-to-the-minute mfoi- 
inutioii on lainfall in areas up to 100 
miles away. 

Radio reporting units have been set up 
at three i emote points in the uninhabited 
liver catchment area. The units consist 
of tilling bucket gauges which feed lainfall 
inhumation to cleclumic data storage and 
nulio equipment housed in small weathci- 
pioofmetal cabinets. 

From the Clolls Haibour centre, the 
gauges aie interrogated automatically at 
the. flick of a switch. Normally, they aie 
interrogated every llnce hours hut if 
necessary can be checked eveiv houi. 

Each gauge liansinils its identification 
and coded details of lainfall to the centre. 
The information is received, printed 
automatically, on strip paper similar to 
‘ticker tape’. 

The system can be used also in a two- 
way radio telephone iolc, allowing main¬ 
tenance men and otlieis in ladio-equipped 
vehicles to keep in touch with the centre. 

By com its) : Australian High Commission, 

New Delhi 

HORMONES MAY OFFER NEW HOPE 
FOR LOCUST CONTROL 

Rescaieli now in its early stage at the 
Anti-Locust Research Centre, in London 
may lead eventually to more subtle ways 
ol controlling locusts than the use of 
insecticides. 

Attempts are being made to assess the 
possibility of niLei feiing with locust 
behaviour by means of hormones. These 
are secretions from body glands which 
influence physiological action. The in- 
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vestigalions have as then long-term aim 
the development of substances that 
might, for example, change locusts horn 
being extremely grcgaiious creatures into 
solitary ones. 

Hoimone subsianees mighl also be 
found that pi event the insects fiom 
maturing. 

The Anti-Locust Research Gentle has 
recently moved to new premises in 
Kensington, London, from whcie it co¬ 
ordinates infoimation on locust move¬ 
ments and breeding from some 40 coun¬ 
tries, undertakes scientific research mto 
the life histoiy and halnls of the different 
locust species, and investigates and 
develops methods for then control and 
destruction. 

The Geutic’s Deseil Locust Infoimation 
Seivice issues eveiy month a summaiy of 
the deset l locust situation and a foiccast 
of expected developments so that countries 
vulneiable to locust plagues can take 
suitable action 

The Centre is administered and 
financed by Britain’s Depaitmcnt of 
Technical Co-operation, with contubu- 
tions from the United Nations Food and 
Agriculture Organization (FAO). 

SCIENCE LESSONS FOR ALL CHILDREN IN 

COMMONWEALTH RECOMMENDED 

Science lessons foi all boys and girls in 
Commonwealth count)ics is recommended 
m the teporL of the Commonwealth 
Conference of experts on the* teaching of 
science in schools which was held in 
Ceylon last December, Seventy delegates 
fiom 15 countries look part in the 
conference. 

The report is issued by the Common¬ 
wealth Education Liaison Committee, 
which had proposed the meeting following 


a recommendation of the second Common¬ 
wealth Education Conference held in 
New Delhi in Janauary 1962. 

The Ceylon conference gave a gieat 
deal of thought to the use of science edu¬ 
cation as a factoi in reducing the gap 
between the developed and developing 
countiics. Recommending science foi 
all, it argued that the economic and social 
advances which technological develop¬ 
ment makes possible may not lie achieved 
unless ordinary people see the sense of 
what is being done. 

The report says that the beginnings of 
a study of science in schools should be 
made at lire stage of primal y education. 

It discusses the needs of abler students, 
including not only those who will make 
their carccis in science and technology 
but also those who will lie leaders m other 
fields for whom an understanding of 
science is no less impoilant. 

The conference took note of the almost 
universal shoilage of science leachets. 
As a quick means of augmenting the 
science teaching force in counltics wheie 
the need is specially great, it recommends 
an abbreviated training course of about 
a yeat’s duration, which is envisaged as a 
temporary expedient only. 

A pooling of i esources on a i egional or 
an even wider basis would help to establish 
institutions for research and. development 
in science education which would design 
courses, assist in the evaluation and assess¬ 
ment of science leaching, devise teacher- 
tralning programmes, develop apparatus, 
study the uses of teaching aids and 
disseminate information. They might 
serve as bases for experts whose seivices 
could be made available to countiics 
needing them. 

By courtesy : British Information Services, New Delhi. 



New trends 
in science education 


Summer Institute Programme 


The sixteen Summer In.sliLul.cs announ¬ 
ced eailier started walking fiom June B, 
1964 and will last till July 15. They all 
aim to achieve the following objee Lives: 

(i) to establish channels of communi¬ 
cation between schools and uni¬ 
versities, 

(u) to impiove the subject matter 
competence of participating tca- 
cheis, by acquainting them with 
recent developments in their 
subjects; 

(hi) to enable teachers to develop a 
better understanding of the basic 
concepts in their field of 
specialisation; 

(is) to enable teachers to conduct ex¬ 
periments, wherever possible, and 
with simple and improvised ap¬ 
paratus, and to encourage further 
experimentation along suggested 
lines leading to a consideration of 
theoretical ideas giowing ftom 
experiment; 

(a) to strengthen the capacity of the 
leacheis for motivating able stu¬ 
dents to develop an aptitude for 
lesearch; 

(vi) to stimulate interest in tcacheis by 
• bringing them into contact with 
eminent men in the field of their 
study, and 


(vii) to enable tcudicis exchange views 
with Ihcii colleagues in the piofes- 
sum and thus ptomole a greater 
mulct standing and appreciation of 
each other’s teaching problems. 

The names of the academic staff and 
die visiting scientists of Llie Institutes aie 
given below. 

BIOLOGY INSTITUTES 

BombayUnivi.hmiy, Insiiiuu, oi Sen Nur, Bombay 

Academic Staff 

Dr. D.V. Uni 
Di. N.U Inamdar 
Mr. P.J. Dubhash 

Visiting Scientists 

Di. Walt AulTenberg, 

Depat tment of Biology, 

University of Honda, 

Gainesville, Florida, USA. 

Mi. Minert II. Kennedy, 

.Sc ience Teacher, 

Fiascr Public School, 

Fraser, Michigan, USA. 

Dj-iiu Univi.hsity, Dipaiumj.ni oi Boiany,Di.i.hi 

Academic Staff 

Dr. B.M. John 
Dr P.S. Sabharwal 
Shri P.V. Rajamannar 
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Visiting Scientists 

Dr Wilson N. Stcwait, 

Piofessoi of Botany, 

University of Illinois, 

Uibana, Ill USA. 

Mr. Phillip R. Fordycc, 

Assistant Piofessoi ol Science Education, 
Florida Slate University, 

Flonda, USA. 

M von vs Univiiisiiy Ciniiii, Midurm . IJii'Viu- 
MLNI Ol ZoOCOC.Y 

Academic Staff 

Pi of. S, Krishnaswamy 
Pi of. J G.B. Alnaham 
Di. R. ICalyanasundaram 

Visiting Scientists 

Dr. Edwin A. Phillips, 

Piofessor ol Botany, 

Pomono College, 

Claremont, California, USA. 

Mi. Dempsey L Thomas, 

Teacher in Biology, 

Board of Public Instruction, 

Sarasota, Flonda, USA. 

Utkal Univihsiiy Rvvinsuaw 
CoLLLGC, CUIIALK 

Academic Staff 

Dr. B. Samantrai, 

Dr. B.K. Behuia 
Dr. G Mishra 

Visiting Scientists 

Di G.R. Nogglc, 

Professor and I-Iead of the 
Department of Biology, 

University of Flordia, 

Florida, USA. 

Dt. Leonard Winter, 

Professor of Biology, 

State College of Iowa, 

Ceder Falls, Iorva. USA. 


CHEMISTRY INSTITUTES 

It vi vs 111 \n Univi usm, | vii'iiu . Mvii\pa|\'s 
Coi i rc.i, J vi im in 

Academic Staff 

Pi of R.C. Melnotra 
Di. J.P Tandon 
Dr. R.L Mittal 

Visiting Scientists 

Di. Goidon Lee lliebeit, 

Associate Piofessoi of Chcnnstiy, 

Bovvdoin College, 

Brunswick, 

Maine, USA. 

Mr. Men ill M Merritt, 

Teaclici in Ghemistiy, 

School District No 1, 

Multnomah Countiy, 

(id 1 NoithcasL Clacknics Slicct, 

Pen tland. 

Oregon, USA. 

Poona Univi, usm, Poona , Dimiuuini or 
Cm MisuiY 

Academic Staff 

Dr. V.K. Phansalkar 
Dr. A.J Mukhedkar 

Visiting Scientists 

Dr John L, Biester, 

Associate Profcssoi of Ghemistiy, 

Beloit College, 

Beloit, Wisconsin, USA 

Mr. Raymond T. Byrne, 

Head of Science Depai tment, 

City School District, 

City of Batavia, 

Batavia, New York, USA. 

Bi'iiowan Univi.ksmy, Huiiunvan : Dipviumim 

Ol (lllMIMKY 

Academic Staff 
Prof. S.K. Siddhanta 
Dr. S.C. Rakshit 
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Di. ll.L. Dull.i 

Dr. S, Ghosh Majumduv 

Visiting Scientists 

Di, Gerald A. Edwaids, 

Professoi and Chairman, 

Department of Ghemisliy, 

The Agricultural and Technical 
College of Noith Carolina, USA. 

Dr. James V, DcRose, 

Head of Science Department, 
Maiple-Newtown School Distiut, 
Newtown Squaie Penn. USA. 

Owivnia Univihmii, Uyui ii uiaii ■ Couioi or 
Tlciinology 

Academic Staff 

Pi of N.V Subba Rao 

Di. V R Srmivasan 

Mr, Venkobac hai ya Upaclhyaya 

Visiting Scientists 

Dr. Milton Temres, 

Professor of Chemistry, 

University of Michigan, 

Michigan, USA. 

Mr. Kenneth V. Fast, 

Teacher in Chemistry, 

Board of Education, 

Webstei Groves, 

Missouri, USA. 

PHYSICS INSTITUTES 

Banauas Hindu Univi rsuy, Varanasi 
Cot, u.r:j or Sc unci ; DjpvimiiNi or Pin sir ,s 

Academic Staff 

Professor A. R. Veima 
Dr. G.K. Das 
Dr, V.S. Matliur 

Visiting Scientists 

Dr. Kenneth C. Clark, 

Professoi, 


DepaiUncut of Physics, 

Utnveisity of Washington, USA 

Mi. Bryan E Swan, 

Tearhci of Physics, 

Univeisity of Chicago, 

Cabot alory School, 

Chicago, USA. 

C>i | vuu Uniu hmia, Aii ui ihiiaii: Di inimn n i or 
Pmsii s 

Academic Staff 

Di Y.G. N.vik 
Di. K.B. Shah 
■Shri G.A. Patluik 

Visiting Scientists 

Dr. David Kenneth Bakei, 

Piofessm of Pliysics, 

Union (lollcge, 

Schenectady N.V., USA, 

JVlt', Coleman Monroe Loyd, 
Co-oidinaloi N.S.F, Piogiamines, 

Texas A & M University, 

College Station, 

Texas, USA. 

Kirniivk. Usimiisin, Ouvuwui : Dumiumlni 
in Physic s 

Academic Staff 

Di. N.R. Tawde, 

Shri R.J. Kulkarni, 

Sin 1 II.V. Canganna, 

Visiting Scientists 

Dr. Owen T. Anderson, 

Assistant lhofessor of Physics 
Bucknell University, 

Lewisburg. USA. 

Mi. David Kulliioff, 

Physics Teacher, 

Board of Education, 

New Brunswick, N.J , USA. 
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G mu mi Uni vi nun, Ci \i'ii \ i i , Loi ion Culi.lc.i , 
Gauuaii 

Academic Staff 

Pi of P.C. Mahan la, 

Mi G K Das 
Mr H D. Goswami 

Visiting Scientists 

Dr. Eugene J. Saletan, 

Associate Professor of Physics, 

Northeastern Umveisity, 

Boston, Mass., USA. 

Prof. David M. Alexander, 

Instiuclor in Physics, 

Foothill College, 

California, USA. 

mathematics institutes 

ICuiuiKSHi.ui i Univiiisuv, Kuhiuimu iiia : 
RvjiniiU’iu Nisvas, Simia 

Academic Staff 

Pi of S.D. Gliopia 
Shri Mohan Lai 
Dr. C. Mohan 
Shii H.K.L. Vasuclcva 

Visiting Scientists 

Dr. Myion F. Rosskopf, 

Professor of Mathematics, 

Teachers’ College, 

Columbia Univeisity, 

New York, USA. 

Mr. Peter David Mandell Pereue, 
Teacher in Mathematics, 

New Trier Township High School, 
Wmnetha, Illinois. USA. 

MS Univlrsiiy oi Bauoda, Baiuida • Muoni 
Anu, Pai.ai I Ho ILL 

Academic Staff 

Smt. Indira V Bhanot 
Mr. C.C. Shah 
Mr M.H. Vasavada 


Visiting Scientists 

Di. Ralph H. Niemann, 

Piofessor of Mathematics 
Colorado State Umveisity, 

Foit Collins, Goloiado, USA 
Mi. Shirley E. Bosclly, Ji. 

Head of the Mathematics' DeptL , 

SeaLLle Public School, 

Seattle, Washington, USA. 

Misohl Univliisiit, Mysoiu: Dlpuumlni of 

Pos'l-Olt VDU III SlUDILS 

Academic Staff 

Pi of K. Vcnkatechahuengai 
Dr T S Nanjundiah 
Shii M. Lakshmanan. 

Visiting Scientists 

Di. Manual Phillip Bci ri, 

Assistant Piolessoi of Mathematics, 
Tulane Univeisity, New Oilcans, 
Louisiana, USA. 

Di Oseai Fiedciick Sclialf, 

Associate Professor of Mathematics 
University of Oicgon, USA. 

Noimi 13 i.no u. Univi usin, Ri)\ Rammohuni’uic 
Snow View Mom, Duqila ing 

Academic Staff 

Shri S.R. Dasgupta 
Shu S.P. Paul 
Shu T.K. Mukheijce 
Shri S.S. Bishnu 

Visiting Scientists 

Dr. Emory P. Slarke, 

Piofessor of Mathematics, 

Bloomeficld College, 

Plainfield, NJ., USA. 

Mi. Gcoigc Grossman, 

Ch aii man, 

Mathematics Department 
Wm. H. Taft High School, 

240-E 172st. New York 57, USA. 



Assessment of Summer Institutes of 1963 


N.E. Bingham and LC1. Menon 
Summei Institute Administration Unit , 

New Delhi 


T HE Summci Institute Administration 
UniL has received a mnnbci of 
lctteis fLom participants of the 1963 
Summer Institutes, which 1 cvcal the extent 
to which these Institutes have been uselul 
in impioving Science Education m schools 
and how the participants have been able 
to modify or improve their practices. 
Extracts from the letters aic given below. 
It is assumed that the information found 
heie will be useful to other teachers, 

From Biology Teacheis 

Bhopal: I have tried successfully, 
a numbei of expeiiments, pailicularly 1. 
Cells as Robcil Hooke first saw them. 
2. Living plant cells—onion cpideimis, 
3. Living plant cells—stomata of 
Tradescantia. 4. Yeast culture. 5. Bread 
mould, 6. Bacteria m root nodules. 
7. Movement of chloioplasls—Hydulla. 
8. Blood of the hog. 9. Animal 
population in a fiesli water pond, 
10. Fresh water algae. 11. Circu¬ 
lation of blood m the well of the Cog’s 
foot. 12, Study of animal cells. 

I have observed that no student of mine 
felt any difficulty in performing and 
understanding the above experiments. 
Although these expeiiments were not 
included m their course of study, and 
were quite new to them, they found them 
fascinating and most of the students 


insisted on repealing these expeiiments. 

I believe if t lie mulct inis, chcmuals and 
other equipment, aie available in higher 
secondat y .school labmalmics, theie will 
be no difficulty in piaelising all the ex¬ 
peiiments given in the Yellow Version of 
the BSC1S piograimne. 

I am tiymg to spread all the knowledge 
that I have gained in the Madias Summct 
Institute 1963, by stalling an “exchange 
of biology teaching progt amine”. Almost 
all the biology teachers of Lhc city aie 
co-opeuiting. By now, undci tins scheme, 
I have delivered two lectures at two 
different schools. Three different lectines 
arc scheduled to be given m the near 
future by olhei teachers of the city. 

Of the many experiments attempted 
in the classes the following aroused the 
intci esl of the pupils the most: 1. Ghloro- 

plasls in living cells of Hydulla plant, 
2. Biead mould, 3. Pond life, d. Blood 
typing, 5. Fungus grown on agar culture, 
(>. Amoeboid movements of mercury 
diops in potassium dieliroinatc and nitric 
arid. 

Of all the leaching let Uniques, the best 
and the one most liked by the students 
was - the use of “Invitations to Enquiry.’ 1 
'l’lus method was uied with the. 9lli and 
10th classes in paiticulai. It piomotes 
thinking scientifically and stimulates in¬ 
telligent answering. It rouses the interest 
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of the students more effectively than otliei 
methods. I wish we could have ‘Invita¬ 
tions to Enquiry’ for all of our Biology 
lessons 

These activities help the children to 
develop scientific minds Eugei ness and 
cunosity me moused m them, huL Lhe 
chief difficulty is lack of time, which limits 
the woik that can be done in class. Ele 
has been able to pcifoim, in his school 
the following practical experiments, which 
lie icainccl m the Institute • 

1. Expeliment with potato cotes, 

2. Cells—onion and cork. 

3. Stomata and a section of leaf. 

4. Test for staich. 

5. Three, four functions of leaf— 
ti anspii ation, photosynthesis, les- 
piratiou (The ditlchen were very 
much excited and interested in 
these experiments,) 

G. Clnomalogiaphy. (The separation 
of colours in this experiment made 
them veiy happy and all tried to 
do it again and again.) 

7. Parasites in plants and animals. 

8. Geimmatum and growth of hcan 
seeds 

9 Organisms in water 

10 Spontaneous generation. 

11. Circulation of blood in the tail 
fin of gold fish. (Veiy easy for 
students to do the experiments.) 

12. Stages in life history of the hog. 

13. Examination of blood under 
micioscope—kinds of corpuscles 

14. Blood typing. 

Kanpur : A teacher from an Inter¬ 
mediate College writes at length about the 
experiments and other innovations that 
he has made inspite of his busy routine of 
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coveiing the preset ibed conventional 
course of the U.P, Boaid of High School 
and Inlei mediate examinations. 1 The 
first experiment which I ti ied was a 
demonstration of the amoeboid ac non of 
meitmy in Lhe piesencc of potassium 
clieluornate and niluc acid. Students 
took a keen mLcrcsL and weie ovci joyed 
to see this activity. It gave them a clear 
picture of the effort of suifacc tension in 
such movements. 2. Some of the stu¬ 
dents were so interested in the life history 
of tlie fiog that they biought tadpoles from 
a local pond and ti ied to rear them in a 
pehi dish with tap watei. But next clay 
all lhe tadpoles were dead. They brought 
nunc tadpoles and tried to reai them 
in a petn dish with tap watei, having soil 
and glass at the bottom. They weie 
happy to see them surviving on the third 
clay. Now they took a glass tub with soil 
at tlie bottom and inserted grass in it. 
They poiucd ftesh water in it and finally 
brought fiesh tadpoles to icar. Day by 
day they obseivecl fish stage, two-legged 
stage, four-leggecl tail stage and finally on 
one fine day, after nearly three months, 
their joy knew no bounds when they saw 
a tiny, ugly, black wrinkled and tailless 
lelrapocl fiog, totally different from the 
swimming tadpole jumping on the wet 
soil. On that day I told them iL was a 
toacl whose stages of melamoi pliosis, were 
similar to that of the fiog. The feature 
“Invitations to Enquiry” has struck me 
as a cicative method of developing biolo¬ 
gical thoughts in tlie students. I was 
sin prised to see the cuiiosily of a hoy who 
actually found the developing and hatch¬ 
ing pupa of a butterfly in the college 
compound. After studying the life 
history of a mosquito and house fly, and 
using the “Invitations to Enquiry”, de¬ 
monstrated to the students the emerging 
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butterfly in their natuial habitat. “Invi¬ 
tations to Enquiry” is a wonderful part of 
biology teaching and mine sLtess should 
be given to this approach in the teaching 
of the subject. 

Gujarat : Immediately after coming 
back from Madias, we got all the labora¬ 
tory equipment needed fm implementing 
the experiments we learnt. It is an 
exciting expciienre for both the teacher 
and the taught, to teach and learn through 
“Invitations to Iinquiiy”. As a matter 
of fact, I have ptepai'ed 70 inviLations, the 
enquiry of which, if propel Iy brought out 
can easily cover all of the cuuiculum of 
biology for the secondary students, We 
have introduced the majoiity of the 
expeiiments, and all, very effectively. 
We have not yet encountered any diffi¬ 
culty in implementing the new approaches 
in the teaching of biology. 

Bihar: The ‘Invitations to Enquiry’ 
was tried in the 9th and 10th slandaids. 
(10th standaid here, is Pre-Senior 
Cambridge class.) The subjects wc dis¬ 
cussed were ' germination of seeds, insect 
pollination, pollinated flowers, and exlei- 
nal features of a rabbit as related to its 
habitat. The students showed great 
enthusiasm. This is a very good approach 
to use m keeping up interest. A good 
percentage of the boys were able to make 
correct definitions whercvei they were 
necessary. The boys fioin out-stations 
responded better than those who came 
from the capital city. The use of “Invi¬ 
tations to Enquiry” takes a lot of time in 
the class and requires a lot of preparation 
on the part of the teacher. Yet the 
candle is worth the game. 

I also introduced a few observational 
experiments: external features of an insect 


in the 9th standard and experiments on 
osmosis and respiration in the 11th 
.standard The students wcie not given 
the slightest idea about what they weic 
going to learn in mdn to keep up their 
curiosity. In the first ease the boys 
collected and absolved cockroaches and 
summarised the, eh.iiacteiisties which 
they noticed. House Hies weie given 
lalci. They were then asked to write 
down a few common ch.iracLeis found m 
these two msec ts. Lalci they wete asked 
to compute then answers with the general 
chav aetei is tit s of insects given m their 
textbooks The icsponse was very good. 
The observations were made by using a 
hand lens. Their observations were 
better on the larger insects. 

Many of the leather participant, res¬ 
ponders have complained that they cannot 
impart insliuclitm with the new nvatciials 
to their students because Ibis new content 
and these new appioaclies are not m the 
syllabus, they have to teach. 

From Chemisliy Teaeheis 

The extent to which the teacher partici¬ 
pants in chemistry have been able to make 
innovations in then teaching is not unlike 
that of those in biology as can be judged 
horn the following summaiies of descrip¬ 
tions sent by three of the chemistry 
teachers 

Tumk.uk (Mvscmr. Kevin) ■ Komi after 
returning Horn the Sunnnci Institute 
I prepared a plan of work to introduce 
some of the impoitaut aspects of C1I-IEM 
Study to my students. I have chosen one 
section of the 10th standard as an experi¬ 
mental group. In this experimental 
group I have been integrating some parts 
of CHEM Study with the contents of the 
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elective chemistiy course that I have to 
cover foi the S S.L.C Examination in my 
State. 

I have successfully introdured the liist 
six chapters and the chapters on mtes of 
chemical teaclion, atomic slruetme and 
the periodic table to my students I am 
unable to introduce the chapter on 
chemical calculations for, that pat t is 
beyond the back,(pound of mathematics 
of my students and lequircd to cover 
the contents of the syllabus for the exami¬ 
nation. 

In the practical, the students arc 
divided into small groups of thicc or four. 
Each group conducts an experiment on 
a specific topic chosen for the day. Then 
a post-laboratoiy discussion is held. 
Students explain their observations by 
putting foiwaid their own hypotheses 
and advance arguments in support of 
them. This discussion helps them either 
to amend or altei their hypotheses and to 
arrive at conclusions dispassionately. 

I found that I need four extra hours per 
week to carry on the experiments in this 
new approach to science teaching. I 
have also been applying this new approach 
in teaching general science classes. 

Baroda : A teacher from the Univer¬ 
sity Expei imental school has been able to 
introduce this new appioach and the new 
materials to the extent of 25 per cent even 
though his syllabus does not contain any 
of these new materials. He has found 
that introducing the election transfer 
theory in chemistry, helps in remembering 
and undeistanding chemical equations. 
He has also found that discussions of certain 
aspects of the periodic table are helpful 
too. He wishes that there could be some 
organization of the teacher participants 
of these institutes to meet and exchange 


ideas. He states that all should meet after 
tiying out ceitam aspects of the CHEM 
Study Materials. In this way they could 
discuss difficulties and successes they had 
m using this approach. 

Tumkur (Mysore State) . The CHEM 
Study Materials help me to make my 
science teaching moi e effective and pur¬ 
poseful in approach. The prc-laboratoi y 
and post-labol atory discussions have 
been very effective in making science 
learning interesting, The students me 
able to learn the pi oc esses of science better 
by olfciing their hypotheses and then 
discussing them and finally coming to 
conclusions 

I have been devising multiple choice 
questions to make evaluation more objec¬ 
tive. The tcachei’s guide and achieve¬ 
ment tests of the CHEM Study Materials 
have helped me to improve my science 
teaching. 

Ft am Physics Teacheis 

Considerable difficulty has been en¬ 
countered by the Physics teachci partici¬ 
pants in their attempts to apply the new 
approaches that they have learnt in the 
Physics Institute this past summer. 

Bihar We icturned from our 
summer institute m physics with great 
hopes and highci ideas as regards science 
teaching, and I still believe that these new 
methods of teaching physics excel the 
oldei methods and at the same time are 
more beneficial to the students. In some 
of the lessons on electrostatics and light, I 
have applied this method and our students 
have lesponded well But the frequency 
of application is poor because the topics 
aic not the same as in oui present syllabus. 
Our present syllabus for higher secondary 
schools represents the major difficulty as it 
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is ovcv-ciowdcd with. unnecessary topics 
and details that are bookish. So there is 
not adequate 100 m for prartieals which 
are so necessary for the basic concept of 
physical theories as well as for the develop¬ 
ment or the personality of the student as 
a whole, 

In older to keep up the dignity of the 
school we care more To 1 a larger numbei of 
our students getting thinugh the examina¬ 
tions and so wcadopL to some extent short¬ 
cut methods Our students also memorise 
impoitant topics (fiom the examination 
point of view) without acquiring the basic 
concept of the theoty. Hence they (oiget 
the idea veiy easily and leach the same 
point liom which they first started. So 
our piesent methods of examination 
present a gicat difficulty. 

In teaching the PSSC Physics the 
laboiatoiy difficulty is less than in using 
our piesent syllabus The instruments 
are simple, low-pnccd and give the 
students a clear concept of the physical 
facts, But however small the price may 
be we cannot buy them due to certain 
difficulties in government offices 

Madhya Pradesh (Municipal Multi¬ 
purpose Higher Secondary School) • The 
PSSC PROGRAMME is very ambitious 
hut it cannot be put into practice as it is 
because of the ngoious external public, 
examination system. However, I feel 
that the PSSC approach can, and should 
lie mtioduced in some spheres of Leaching, 
I have introduced the approach in the 
laboraloiy work. The reaction of the 
students is encouraging but the method 
requites more time. I piopose to in¬ 
troduce it more vigorously in the next 
session I have organised a programme 
to divide the junior class into two equal 
halves. The first group will study theoiy 


by a supei vised study plan: PSSC 
appioach will be followed foi the labora¬ 
tory woik. The other gioup will he 
allowed to pioceed on tiadilional lines. 
It is pioposcd to evaluate the respective 
difficulties in following this method and 
also to determmestatistieally, the dilfeience 
m achievement of the two gioups. 

Andhr a Pradi.su (Government Train¬ 
ing College) : Regaiding the oppor¬ 
tunity to follow the new appioach and new 
mateuals I feel that an nclmimstiative 
older to follow the same, as an experi¬ 
mental measure, by the D.P.T. is icquired. 
If the attested syllabus is not completed 
by the science teaehei lie is considered to 
have not done his duty by the administra¬ 
tive autluuities. lienee these appioaches 
were not regularly followed, though 
the spirit of them was indicated to 
pupils in the course of tegular classroom 
science teaching. Six items of new 
approach involving use of new apparatus 
supplied to us on the eve of our parting 
ate being used in the sc ience club activities 
to make the pupils nuclei stand the basic 
concepts in the modern methods of teach¬ 
ing physics. These, are immensely liked 
by the pupils. It is desirable that the 
teachers who have been given tiainmg 
should be given Lhc oppoitunily to use 
this training, fleeing them from the regular 
routine ancl imposed .syllabus. 

Andhra Pradesh : We arc over¬ 
loaded with our regular syllabus and 
school woik. We are finding it very 
difficult to cope up with the syllabus and 
praelieals prescribed for the twell'Lh classes 
before March 190-1, Moreover theie are 
no instructions fiom our Government to 
implement our experiences in this school. 

West Bengal: The School authori¬ 
ties are obsessed with the public exami- 
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nation and look at any new thinking with 
suspicion. My duty is to prepare a note 
on possible questions and get them 
memorized by the unfortunate students by 
repeated class examinations. Luboiatoiy 
work is alinosL non-existent; the school 
has a nice piojcctor but has no time to 
use it. The school tuns on a shill basis. 

I have become tired and restive and feel 
choked in this medieval climate. 

I returned last July with the object of 
serving my own State, and applying the 
knowledge gained in the Summer Insti¬ 
tute and to continue, to experiment with 
itunderlocal conditions. I feel fiustiated. 

It is clear from the above comments 
that the physics teachers have had more 
difficulty than either the ehemisliy or 
the biology teachers m implementing 
their learnings of this past summci. Some 
steps must be taken to free these people to 
teach this new programme. 

From Mathematics Teacheis 

The teacher participants fiom the 
Mathematics Institute had vai’ying success 
in implementing the ideas of their institute 
in their own classrooms. 

Mysore : There is no denying the 
fact that mathematical content and mstiuc- 
tion in schools is quite out-moded and 
needs a thorough change. The Summer 
Institute in Mathematics was arranged 
with this m view, and has done a good 
job of pointing out the changes needed. 
Though at first I was diffident about these 
new ideas I started appreciating them 
after sometime. The most outstanding 
outcome of the Institute was the revelation 
of the true nature of mathematics. It is 
most tragic that most of the teachers of 
mathematics teach mathematics in such 
a way that the students get an impression 


that mathematics means woiking out 
pioblems. It is the mathematical way of 
thinking and not the working of mathe¬ 
matical pioblems as such that a sincere 
mathematics teacher should aim at. 

I must admit that I have not been aide 
to disseminate many of the things I have 
learnt. This is because of the ugidity 
of the syllabus and the examination 
system, Furtheimoic, analytical geometry 
and trigonometiy aic not included in the 
10th class. But my teaching has undei- 
gonc a pleasant change in that whatever 
topic is taken for Ueatment it is taken in 
a vciy mathematical way and not in a 
mechanic al way. A few examples will 
make tins point deal. 

'flic Btli slandatd gcneuil mathematics 
class boys, studied liactions, decimals and 
approximation. Instead of jumping off 
directly and pci forming various operations 
I told them something about the number 
system ilsdf for example: integers form 
a set of numbers, fractions also foim a set, 
integers, fractions and decimals all belong 
to a set of real numbers. A decimal is just 
another name for a fiaction. It is a 
fi action with a denominator, a power of 
ten. Whenever a topic on numbets is 
taken up it is useful and interesting to tell 
the students something about the number 
system. Let the students be given a very 
broad outlook on numbers in general, let 
them realise that they are performing the 
operations on a particular set of numbers, 
for example on decimals or fractions, 

Let them know that addition and 
suLbraction, that multiplication and divi¬ 
sion arc inverse operations. When this 
is shown by concrete examples the students 
are very much amused and happy. 

In dealing with simple equations I have 
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found that the SMSG method of expression 
‘Seven minus two is anothci name for 
five’ extiemely useful. Similailv the tcims 
‘open sentence’, ‘true set domain of the 
vauable’, ran lie used to a great advantage. 
These terms enhance mathematical pre¬ 
cision, which is unfortunately ignoiecl in 
traditional Leaching. I have also stressed 
the fact that mathematical inequalities 
are more important and interesting than 
equalities. 

Ideas of one-to-one correspondence in 
graphical treatment of equations arc most 
nselul in developing understandings. 

I have not been able to implement much 
of the goomcUy learnt at the Institute. 
However, before beginning a formal 
treatment of geometry, I had made it 
clear that geomcry is a study based on 
some undefined concepts and some postu¬ 
lates, that no gcomctiy is absolute, that 
we can have different geometries based cm 
different axioms. 

The study of statistics has been a very 
great help. Since statistics is included in 
the 10th standard, the students find 
statistics most interesting. Even with 
the piesent syllabus there are ways and 
means by which we can present a very 
true picture of mathematics and reveal 
its great quality and effectiveness, and 
also develop the mathematical way of 
thinking in students. 

Without any drastic change in the 
syllabus we must be content with making 
only passing references to some new ideas 
and so the sooner the content is changed 
the better it is for mathematics. It is most 
important that we define the objectives of 
teaching mathematics at the. secondary 
stage and then reorganise our content in 
such away as to suit the objectives. 


U rr ah Pradesh (Intermediate Col¬ 
lege) : The idea of number systems, 
the idea of a number of geometries and 
algebi as have definitely helped me in my 
class teaching and in developing a case 
for mathematics among the boys, but since 
the new concepts have not yet been pres¬ 
cribed by the examining hoards, they 
cannot be taught as icgulai courses. 
Kcpaiatc meetings of the Mathematics 
Association in the school will help to give 
the students an idea of the new concepts 
of trigonomctiy, sets, and the like, 
hut piopei measures have to be taken to 
keep them from wilting these concepts m 
tlu* examinations. It has been the experi¬ 
ence that the boys are better recipients of 
these new ideas than are the tcachcis. 

There will he. much saving of our 
1 csoiu'c css if mu li dining colleges are also 
included in out mission to extend the new 
mathematics, Evciy teacher looks upon 
these ti aining colleges with a view to 
gaining something new. In my opinion 
it will not be an injustice if some of the 
supeifluous courses there arc cut down 
and the new concepts piopagatcd. The 
pupil tcachcis may then be examined 
on these new concepts. In due course 
these training colleges will become 
permanent active centres for further 
implementation of the new educational 
schemes, They will also be helpful when 
we. come to experiment with our new 
techniques in our schools. By involving 
the training colleges we will be able to 
send out better tcachcis and make 
education more effective. 

Kerala : I had a pleasant experi¬ 
ence in the Summer Institute in Delhi. 
I came to know about many new ideas in 
tlie new field of mathematics education, 
but I am extremely sorry to tell you that 
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I was never able to communicate these 
new ideas to any of my students, I am 
not in a position to do that. We have the 
prescribed syllabus before us and wc are 
not able to spare even a minute for any 
digression. So unless and until the 
syallabus is modified at cording to the new 
scheme, I will not be able to propagate 
the new idea. 

Summer Institutes of short duration 
should be conducted in every State, and 
these new ideas should he imparted to all 
teachers. People who are well-versed m 
the new schemes should he given prefer¬ 
ence in appointment as lecturers in train¬ 
ing colleges, so that the future trainees 
may come out of the colleges with a 


thorough knowledge of the new appio- 
aches, 

CONCLUSIONS 

While many of the above comments 
extracted horn leLtcis written by leather 
participants me most encouiaging, otheis 
point out the difficulties in winning the 
acceptance to the new approaches. If 
these new appioaches to the teaching of 
the sciences including mathematics are to 
take root and grow here in India, the 
combined efforts of university people, 
educators, teachers, education directors, 
and various district officers will he needed 
to make the advances so essential for the 
future welfare of India. 
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SCIENCE TALENT SEARCH SCHEME l c 63-G4. 

N the basis of their peiformancc in 
the theory papeis, the top 1,200 
students weie called fm interview by sin 
dill'eient Inleiview boards mgimi/ed 
at different centies in the coinitiy. For 
keeping up the imifoiniity m the standards 
of scoring at the Interview Boauls, the 
Chan men of the difleient boards were 
requested to rome to the meeting of the 
Delhi board. The following is the 
detailed information about the Interview 
Boaids: 

1. Delhi Board : 

May 14 to 17, 1964. 

Di D.S. Kothari, Chan man, 

University Grants Commission, 

Mathura Road, New Delhi-1. 

For contestants from the Territories of 
Delhi and the State of Rajasthan. 

2. Dehra-Dun : 

May 25 to 29, 1964. 

Prof. N R. Dhar, Chairman, 

Director, Shiela Dhar Institute 
of Soil Sciences, Allahabad. 

For contestants from the States of 
Uttai Pradesh and Punjab and Himachal 
Pradesh. 

3. Calcutta : 

May 25 to 28, 1964. 

Prof. B.D, Nagchaudhuri, Chairman 
Director, Saha Institute of 
Nuclear Physics, Calcutta-9, 


For contestants from the Slates of 
West Bengal, Oiissa and Bihar, 

I. Cauhati • 

May TO, 1964. 

Pi (if II, J, Tnvloi, Clam man, 

Viee-CIhnncellor, Gnuhnli University, 
G.uihati, (Assam) 

For (onteslniils hom the SLale of Assam 
and Union Tenilm ies of M.uiipui and 
Tt ipura. 

5. Ahmedaluid : 

May 25 to 28, 1964. 

Dr. J.J. Chinny, Chairman, 

Professoi of Botany and 
Director of the School of 
Science, Gujarat University, 

Ahmedabad. 

For contestants bom the States of 
Madhya Piadcsh, Gujarat and Maha¬ 
rashtra. 

6. Bangalore 
May 28 to 31, 1964 

Prof. P.L. Bhatnagar, Chainnan, 
Department of Applied Mathematics, 
Indian Institute, of S< icnees, 

Bangalore. 

For contestants from the States of 
Madras, Mysoie, Andhra Pradesh and 
the Tcintorics of Pondicherry, Goa, 
Daman and Diu. 

The chief feature of the Science Talent 
Search Examination of 1964 was that 
some of the contestants had written out- 
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standing Project Reports which revealed 
that these students wete not governed 
by the rigouts of the curriculum 
and they had read a lot of liteiatuic 
beyond the routine type On the basis 
of the data available fiom the lest, it is 
proposed to develop some useful research 
projects which will be both informative 
and of use to the leacheis of science and 
to the talented students. 

On the basis of the theory papers, the 
project leports and the inlet views, 350 
.top students will be awarded scholarships 
for pursuing higher .studies in basic 
sciences leading to a B.Sc. degree. The 


next 200 in the older of merit will get 
Certificates of MeriL only. 

SCIENCE CLUBS 

The Department of Science Education 
has been endeavouring to energise cicativc 
activity at the school level by sponsoring 
the establishment of science clubs in the 
schools and by organizing science fans 
at different levels. During the year 
1963-64, 106 Science Clubs and 15 Central 
Science Clubs weic established Lluough 
granls-in-aid given by the Council. Grants 
for organizing 80 Science -Fairs at tire 
regional level .were also given. A pilot 
project of StaLe level science fair was 
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oiganized in tlie State of Mysore at 
Bangalore. The Science Fairs piovided 
good stimulus foi the acliviLy aL the 
school level and cieated healthy 
competition amongst students. The parti¬ 
cipation in the fans has been steadily 
increasing and the mtei est taken by many 
schools has been of a high Older. Projects 
m the field of various sciences have been 
organized by schools and some of them 
have found publicity both in India and 
abroad. 



Science Fair, Calcutta • A student explaining the 
model of coal gas plant 





Science Fair, Calcutta. Sound exhibits 


The Department proposes during the 
current year to intensify its activity by 
establishing more Science Clubs, and by 


holding Science Fairs at the district level 
also, so that, a vast majority of the schools 
may get an opportunity to participate in 
Science Fans. 

The State level fairs aie designed to 
cnlaige the activity of these clubs by 
giving greater recognition to the meri- 
toiious students and encouraging schools 
to do bettci work. As a result of the 
success obtained in the pilot pioject at 
Bangalot e, it is proposed to hold two stale 
level science fans this year—one at 
Bangaloie and the other somewhere in 
Noitlicrn India. IL is fuilher pioposed to 
subsidize the organization of the district 
level science fairs by award of small 
grants-in-aid for die said activity. 

PREPARATION OF GENERAL SCIENCE 
CURRICULUM FOR HIGHER SECONDARY 
CLASSES 

The fust Regional Seminar for the draft¬ 
ing of General Science syllabus for classes 
IX, X and XI of the Higher Secondary 
Schools was held at the Teacheis Training 
College, Banaras Hindu Univeisity, 
Varanasi, for thiec days, March 20-22. 
Prof. A.R. Vcima, Head of the Physics 
Department, Banaias Hindu Univeisity, 
inaugurated the seminar. 

Besides the officers of the Department 
of Science Education, the seminar was 
attended by Lhc Piofcssors of the Physics, 
Ghcmistiy and Botany departments of 
the Banaras Hindu U ni ver.fi ty, two 
lecturers of the Physics Department, one 
Assistant Professor of Chemistry, Allaha¬ 
bad University; Science Consultants from 
Madhya Pradesh and Delhi; Science 
Lecturers fiom Central Institute of 
Education and Training College, 
Varanasi and Science teachers from 
Queen’s College, Varanasi. 
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Proi. Venna, in his inauguial speech, 
emphasized that science at the higher 
secondary level must add to the richness 
of life, and afford a foundation for higher 
education. Science is a process of doing, 
seeing, inteiprctting, etc. and as such it 
should help a person to discover his 
interests. 

Mr. V N. Wanchoo read a paper on 
the position of General Science al the 
higher secondary level, in diffeient states 
of India Dr. R.N. Rai explained the 
implications of scientific literacy as one 
of the aims of teaching General Science 
at this stage and discussed the position of 
increasing oppox Lunities for school and 
college education, and the resouiccs avail¬ 
able for the improvement of science 
instruction The pailicipants laised 
questions and discussed the importance of 
General Science vis-a-vis elective sciences, 
policy of different states regarding exami¬ 
nation in General Science, production of 
suitable literature, films and other aids, 
demonstration of expenments, and other 
related aspects 

After a thorough discussion on the 
points raised in the paper and by the 
participants, the following decisions were 
taken: 

1. The proposed General Science 
syllabus should be taught loi three 
years, with four periods per week. 

2. It should lie examined externally 
as other subjects are being 
examined. 

3. The syllabus is proposed foi both 
science as well as non-sciencc 
students. 

4. Same textbooks should be prepared 
for both science as well as non- 
science students'. 


5. Emphasis in the new textbooks 

based on the proposed syllabus 
should be on historical aspect of 
science as a challenge and an 
opportunity to revise opinion 
when new evidence is available. 
Inquisitive-news should be main¬ 
tained throughout the book and 
dogmatism should be lough t 
wherever theie is a suitable 
opportunity for it, 

6 In the chapters 1 dealing with lile 
science emphasis should be on 
functions and not on definitions. 
Difficult teims should be avoided 
as fat as possible. 

7 If iL is found difficult to provide 
equipment for experimental work 
by Lhe students, necessary demons¬ 
tration apparatus should be pio- 
vided to schools. 

The draft syllabus was first discussed by 
the seminar as one gioup Some modi¬ 
fications wcie suggested. The group next 
divided itself into three sub-groups— 
physics, chemistry and biology—to discuss 
the proposed major concepts in the 
different subject fields and to suggest sub¬ 
concepts for each major concept The 
final draft emeiged as a well-linked 
syllabus in which the items proposed 
under different subject fields merged to 
present a unified picture of science. 

BIOLOGY TEXTBOOK PANEL 

Further progress lias been made in 
preparing the manuscript for the press. 
The first section of the book consisting of 
lime chapters are ready and iL will be sent 
to the press in Lhe first week of June 1964. 
The other sections will be sent as and when 
ready. 
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Radio Exploration of the Planetary 
System. Smith, Alex G and 
Carr Thomas D. D. Van Nostrand 
Company, Inc., Princeton, New Jersey 
1964. pp. 148. 

HE study of astronomy begun ul 
such a remote dale that it is not 
possible to ascertain when the ancients 
came to recognize the distinction between 
the so-called fixed stars and the planets. 
The ancient astronomers weie vciy much 
handicapped by lack of refined instru¬ 
ments to make accurate observations. 
The telescope invented in the beginning 
of the seventeenth century and the photo¬ 
graphic method of recording observations 
increased then power of observation to a 
very great extent. 

The optical telescopes make use of a 
region of the electiomagnetic radiation 
lying between the ultraviolet and the 
mfiared for which the atmosphere of the 
earth is tianspaienl. It was discovered 
in the 1920’s that another region for which 
the earth’s atmosphere is again trans¬ 
parent lies at much longer wavelengths, 
in the radiowave region. The present 
book gives a very readable and up-to-date 
account of the application of radiowaves 
for the study of the planetary system. 
The first chapter gives a historical 
account of the development of the 
methods of radio-astronomy. Although 
-attempts had been-made-at the-end of-the 
last century to discover the radiowaves 


emitted by the Sun, it had to wait the 
necessary let hnological advance and then 
it was not from the Sun that radio 
emission was delected first but from the 
diicclion of the ceatic of the Milky Way, 
i.c , hoin the centre of our own galaxy. 

The set oncl ehaptei dcsciibcs the diffe¬ 
rent instruments used by the planetary 
radio astronomer. The third ehaptei 
gives an account ol Lho thermal radiation 
leccivcd irmn the Sun, the Moon and the 
planets and discusses how by an appli¬ 
cation ol the. law of black hotly radiation, 
it is possible to calculate the radio 
temperature of these bodies. 

'Flic fourth chapter is devoted exclu¬ 
sively to the study of die radio spectrum 
of Jupiter, and the fifth chapter discusses 
Llie oiigin of the planctaiy radio signals. 
The sixth chapter describes the appli¬ 
cation of latlai for the study of meteors, 
the Moon and the planets. When Keplei 
foimulalcd the laws of planetary motion, 
or when Romcr lirst determined the 
vclociLy of light from the obscivalions on 
the time ol revolution of one of the 
satellites of Jupiter, the exact distance of 
the planets from the Sun was not known. 
The recent determinations of the distance 
of the earth from the Sun by the methods 
being used since the second half of the 
eighteenth century differ from each other 
by two parts in one thousand, By 
'•receiving the eclides reflected from the 
Venus it has been possible to determine this 
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distance oi -what is called the aslionomical 
unit and the results obtained by difleieut 
obseivcis diflei hom each othei by only 
three parts in a hundred thousand. It is 
hoped thaL m fuLuic it will be possible 
to determine this distance mom accu¬ 
rately by this method. 

The last chaptci is devoted to the 
discussion of the contilbutions of ladio 
astronomy to space science and other 
1 elated matter^. At I he end of each 
chapter have been given refei cnees to the 
latest literature on the subject and there 
is a gencial bibliography at the end of the 
book 

Although the book is pumaiily meant 
for the students of physics, any intelligent 
leader with some mteiest m science will 
find the book interesting and mlomialivc. 

The Universe of Space. Miuman, 

Peter, M. Routlcdgc and Kegan 

Paul, London. 1%3, jap. 117. 

HIS book gives a siinjdilied account 
of the Solar System, the Sun, the 
stars, galaxies and systems of galaxies in 
a non-mathematical language. The first 
chapter entitled ‘Man and Telescopes’ 
gives an account of the men who have 
contributed most to the development of 
astronomy and the instruments like the 
photographic plate and the optical and 
radio-telescopes. 

The second and third chapLe.rs give an 
account of the planets, the moon and 
other bodies of Llie solar system excluding 
the Sun. The idea of the rapid advances 
being made in the study of the heavenly 
bodies is given by the statements regarding 
the Venus. On p. 24 it is slated that 
‘the length of its (Venus’s) day is.not yet 
known with any certainty, but this is 


piobably a lew weeks,’ It is now known 
that the lcnglh of Venm’s day is the same 
as its penod of levolution lound the Sun, 
ic, 225 days. Similaily the sm face 
tcmpeiaturc ol the Venus is about 425°C. 
and its atmosphere consists mostly of 
carbon dioxide at a piessurc ol about 10 
atmosphci es. 

The foui th and Ill ill chapters are devoted 
Lo a discussion of the sun and some ol the 
typical large and small stais Although 
in mass the stairs differ only by a facloi of 
about a hundred, m si/e they differ by a 
factor of more than about a hundied 
thousand, One of the huge stars is about 
three hundred million miles in diameter 
i e., about foui hundred times the diameter 
of the Sun and one of the smallest known 
stais is only about 2500 miles in diameter. 

The sixth cliaplu deals with the nova, 
supernova, interstellar dust and gas which 
is mostly hydrogen. It dcseiibes how 
the ccnlic of om local galaxy, i e., the 
Milky Way, has been cletci mined by study¬ 
ing Lbe mdial velocity ol the stars and gas 
clouds within a distant c of a lew thousand 
light years hom the Sun This has now 
been cunliimed by a study of Lhc 21 cm 
radiation emitted by hydrogen. 

The next chapter discusses the different 
types of galaxies and systems of galaxies 
and gives an idea of the distances of the 
galaxies. The last chapter discusses Llie 
velocities of iccession ol the galaxies from 
us aiul tlieii relation with llie distances of 
the galaxies. A chapter devoted to the 
discu.sion of the determination of Llie 
distances of the stars and galaxies would 
have enhanced the value of the book. 
It is also to be regretted that the metric 
system has not been employed m the book. 
Even--the wave length of -the -21 cm 
hydrogen dine has been given in indies 
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aucl temperatures have been given on Lhe 
Fahrenheit scale. 

R. N. RAI 

The Ideas of Biology Bonner, John 

Tyler. Hat pci Modern Science Senes. 

Harper and Brothcis, New York. 

1962, pp ix-180 $ 4.95. 

IOLOGY, more than any other 
science is largely a collection of facts. 
Students find it difliculL to understand 
these at hist or it becomes dear to them 
later Textbooks tiy and present facts 
in a simple and orderly fashion, so that 
a student can learn them easily. The 
present book under lcvicw deals with 
ideas rather than facts ol biology, but 
the ideas arc based on facts as then 
foundations. The malciial given here 
will go along with a biology text, It is 
wntLen as a supplementary leading, 
but at the same time it is not dependent 
upon a text. It can be read by the in¬ 
telligent layman who wishes to discover 
some of the laiger themes of piescnl day 
biology. 

The book has six chapters. The fast 
chapter deals with the working of the cell 
and with Lhe knowledge gained heie, it 
is easier to understand origin of life and 
evolutionary developments. The second 
chapter deals with the mechanics of 
evolution, and the third chaptir coveis 
the study of heredity or genetics. Gene¬ 
tics and evolution operate together in 
the chain of development from the ferti¬ 
lized egg to the functioning adult. The 
fouith chaptei explains the process of 
development and its relationship to gene¬ 
tics and evolution. 

Beyond the individual organism there 
are relationships between different orga¬ 


nisms ol the same species m between 
gioups. Thus them me colonial orga¬ 
nisms, social mganisms (like the anls 
and the bees), symbionts and paiasites. 
Organisms aio in constant communica¬ 
tion with their whole cnviionmcnt lesul- 
ling in Lhe balance of nature wheie the 
activities of the entire community of 
animals and plants interlock and are 
interdependent. It is in this ecological 
setting thaL we (alch the evolutionaly 
mechanism m operation. In the linal 
chaptei these ideas aie applied to 
the biology of mail It deals with 
his development, genetics, evolution and 
ecology 

This hook c an he used as a supplemen¬ 
tal y reading for Lhe student and as an 
lnUoduetion loi the layman to the cenlial 
ideas of biology. 

Viruses and The Nature of Life. 

Stanley, W.M. and Valens, E G. 

E P Dutton & Company, Inc,, New 

Ymk 1961, pp. 224. 

W ENDEL M. STANLEY succeeded in 
isolating, purifying and crystallizing 
a vans m 1985. Thus he raised doubts as 
to whether the vn uses are living creatures 
at all. For this achievement. Dr. Stanley 
iceeived the Nobel Pii/.e in Ghemistiy 
in 1946, Viiit.uw and lhe J^alure of life 
picsents the essential facts known about 
vuuses and about the closely related 
held of genelii s and < anrer research. 
The hook desciibes the significance of 
nucleic arid—a material which is probably 
destined to lie of gi eatci importance 
to mankind than the matcuals producing 
atomic eneigy. Besides Di, Stanley 
six other authorities have contributed 
chaptei s. 
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The lust two chaplets describe the 
naluic of a vitus, whether they are dead 
or alive, and vans as molecules. The 
third chaptei deals vvilh its chaiactcris- 
tics as a living oigamsm The fourth 
chapter is on ‘Vnus’ as a disease and its 
relationship to cancel The last two 
chapters deal with chemicals of life and 
the chemistry of life Aftei describing 
proteins and nucleic acids, the replica¬ 
tion of DNA and the chcmisLiy of muta¬ 
tion are described. The authors have 
put all these facts in simple language and 
well illustrated by very good photographs. 
The book is an offshoot of a senes of 
eight half-hour lilms on the subject of 
virus 

Viiuscs offer us a unique key to under¬ 
standing the function of nucleic acid, and 
perhaps, Lherefoie, to an undci standing 
of the nature of life itself. Viruses pro¬ 
vide an approach to the study ol evolution 
the process by means of which all life on 
earth has developed. 

S. DORAISWAMI 

Science for High School Students. 

(Vols. I &II; Istech) Neuclear Research 
Foundation Univeisity of Sydney, 
New South Wales, Australia. 1964. 

T HE two volumes are meant for mte- 
giated Tom-year couise in Physics, 
Chemistry, Biology and Zoology based on 
and covering the science syllabus approved 
by the New South Wales Secondary 
Schools Board of Auslialia. The work 
was attempted hy the Neucleai Research 
Foundation Gei liiicate mtegi ated sc lcnce 
text groups ofaulhois and editors under 
the Chairmanship of Prof H Messel, 
Head of School of the Physics and Direc¬ 
tor of the Neuclear Research Founda¬ 


tion, Univeisity ol' Sydney. The panel 
of authors consisted of faculty members 
of the University of Sydney, head masters, 
lectmeis of science subjects and leaclieis 
of science in the Sydney schools, num¬ 
bering about 24. The editoual commit¬ 
tee consisted of 8 membeis—Piofcssois 
of Inorganic Ghemistiy, Theoretical 
Physics, Biology and Zoology and the 
Staff Inspector of the Education Depart¬ 
ment of New South Wales. 

The total numbci of chapters in the two 
volumes is 58, followed by an appendix 
and a subject index The first volume 
has 29 chaptei s and the second volume 
has an equal number This effort 
followed the acceptance of the Wyndahm 
Ilcpoit in the New South Wales which 
provides that cveiy hoy and gnl will 
receive for the hist loui years lot Ins/ 
her secondary course live science instruc¬ 
tion peiiods a week; a basic instruction 
in scientilic subjects, enabling all students 
who go foi school certificate to lit them¬ 
selves better lor the world they arc to 
live in and enabling those in whom this 
course has engendered a thirst for furLher 
knowledge and effort, to embaik better 
equipped on additional study and a career 
m a scientilic or technology field. 

The Wyndham scheme envisages stu¬ 
dents proceeding through the coutse at 
different speeds and at different levels. 
Thcrpfoic, the authois did not divide the 
course into foui forms. 

Numcious simple expel intents have 
been given in the text in a way that 
even if these arc noL earned out, the 
students will be able to pioceed with the 
text. A teachers’ manual has also been 
prepared. 

v. N. WANCHOO 
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Introduction to Animal Ecology. 

Gnanamui'iiu, C l\, G.S. Piess, Mount 
Road, Madras-2. 1963. pp. 26(1. 

E COLOGY which is a vast and com¬ 
plex subject is the meeting giound 
of many sncnc es like physics, chemisliy, 
biochcmistiy, metcoiology, etc. This 
book is a mine of information lot any 
leader making his fast appioach to the 
peculiar pioblcms of ecology. 

The book is bioadly divided into font 
sections Section I deals with the cnviion- 
ment m gcncial. In Section II, the 
oiganism is dcscubcd This also foims 
as an account ol the ecology of the indivi¬ 
dual organisms, viz , autecology. Section 
III is divided into two subsections 
dealing with the vaiious aspects ol the 
population of the organisms and commu¬ 
nity icspcctively In Section IV the 
ecology of the habitats of the organism 
like marine, fieshwatei and tcirestrial 
are described. Since the study of the 
ecology of animals is inti icalcly t elated 
with that of the ecology ol plants, the 
authoi has made a good attempt to 
include the lattei also in appiopriate 
places. 

By natuie children aie veiy cunous 
about their environment and this is well 
reflected m the innumerable questions 
they ask about it But very ollen the 
incredibly dull course in biology encoun¬ 
tered in school syllabus Lives to curb 
their interests. The teachers should 
properly equip themselves by reading 
books like this to promote continued 
interest m children of the living world 
that lies around them everywhere. Though 
this book is not likely to be of afiy imme¬ 
diate- use to high school children, it can 


make the Leathers think about, die pi 0 _ 
bleins of ecology. 

Thcic at e lepetilions cneountcied in 
diflcicnl sections. The author himself 
feels Lins cannot he avoided in a book 
like this since ecology deals with a web 
of intiualely woven relationships and the 
same tin cads are likely to he come across 
here and Llieie. 

The omission of photogiaphs by the 
author is veiv much to be legietted. 
They aie indispensable in a book on 
ecology. Inclusion ol one mine diap- 
teis on the application ol basic principles 
ol ecology to such matters as mcicase of 
food production, avoidance of pollution, 
atomic hazards on population, etc, 
would have been very much appiopiiate 
in a hook like tins. The price of the book 
is rather high and many sc hools may 
find rl cliflieull to me hide this book in 
their indents. But the book will lie very 
useful as a relerencc book to the leacheis 
of sceondaiv schools. 

Animal Physiology. G nan Amu mu, 

G. P., G. S. Press, Mount Road, 

Madras-2. 1962, pj). 267. 

PIE twentieth tenluiy has witnessed 
the dawn of biology as a concep¬ 
tual and quantitative science with a 
completely changed emphasis of ateas 
which biology has traditionally embiaerd. 
An obvious example of tins is the rather 
dramatic decrease in emphasis on mor¬ 
phology and taxonomy and inc r ease in 
emphasis on genetics, evolution, ecology 
and physiology. The study of biology 
will not be complete unless one gains 
a compiehensive knowledge of physiology 
which is, concerned, with th.C .fuoctiojial 
phenomenon of-living- things. 
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Animal Physiology has been published 
at the right moment The book is very 
comprehensive and the mlbimation 
presented is based on studies of a wide 
diversity of animals 

There au> twenty chap lei s dealing 
with watci in animals and their enviion- 
mentSj osmotic and ionic relations of 
animals, osmo-rcgulation, ionic regula¬ 
tion, water balance in land animals; 
circulation of body fluids, blood, nutri¬ 
tion; feeding, digestion and absoiption, 
metabolism; respinilion, energy iransfir; 
excretion, muscle contraction, elcetue 
organs and bioluminescenee, excitation 
and conduction receptors; eential neivous 
function, chemical regulation by internal 
secretions, physiology of mechanisms of 
animal behaviour, general eonsidciations. 

The vast inhumation included in the 
book will be used by both students and 
teachers. For univcisily students this 
can remain mostly as an introduction to 
the subject. Although much of the book 
is not directly applicable to biology teach¬ 
ing at high school level, it does piovidc 
ready access to many items of informa¬ 
tion not easily found m most high school 
libraries 01 ordinary textbooks of zoology. 
All teachers of biology should have a 
ready access to this book as a source of 
information concerning physiological 
problems. 

The scope of the book is laiger than 
the title suggests, since it not only con¬ 
cerns itself with the evolution of functional 
phenomenon of animals but also with 
several ecological adaptations and rela¬ 
tions explained fiom the functional view 
point. Since many of the students of 
biology are not likely to be quite familiar 
with requisite knowledge of physics and 


chcmistiy, the author has, in many 
instances, taken pains to explain the 
several physical and chemical processes to 
enable the readeis to get a clear under¬ 
standing of physiological phenomenon 

Judged from the modem pioduclion 
standauls, the diagrams am not up to 
the mark. Though a list of glossaly 
of teims and index is included, a list 
of lceeiit and important references is 
lacking 

C, RtJU 

Rocks and. How They Are Formed. 

Zm, Hfrbmit S, Golden Press, New 

Yoik 1%1 pp f) r ). 

HIS small book gives an inteiesl- 
mg description of rocks, then 
kinds and how they aie foimed. Beauti¬ 
ful colour pictuies throughout tins book 
make it a delight, specially foi the young 
pupils. The book explains Lhc nature of 
rocks, rock-forming minerals and gives 
pictures of simple laboratory equipment 
used for the identification of mineuils. 
The distinction between intmsive and 
extrusive rocks—under igneous locks— 
has been illustiatccl beautifully. 

Under sedimentary rocks, the chemical 
composition of lignite coal, bituminous 
coal and anthracite coal, have been 
depicted nicely Under mclamoiphic 
rocks the conversion of one type of lock 
into anothet has clearly been shown. 

The last chapter explains how the 
rocks have been used in our lives This 
book can lie recommended for higher 
secondary schools to enrich the know¬ 
ledge of teachers and students in 
view of the changed syllabus in genet al 
science. 
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Instruction in Chemistry, Warring, 
R.H., London Museum Press, Ltd., 

1900. pp. 147, 

PUS book gives instruction for about 
hundred intei esling laboi alory experi¬ 
ments in chemistry, which require mini¬ 
mum of appauitus and a limited numbn 
of easily olitainable chemicals. 

The easy way of setting up a house 
laboratory has been explained in Chaptei 
1, Veiy inteiesling experiments though 
simple and common, such as, expeii- 
ments with watci, gases, acids and alkalis, 
metals, non-metallic, substances, and 
semi-solids have been discussed Horn 
Chapter II to VIII Expeiiments given 
in all the chapters will enable the readers 
to acquire a sound practical understanding 
not o.nly in the basic pi inciples of chemistry, 
but also of its important applications m 
everyday life,—as manufactuic of plastics 
and fibres, use of electrochemistry in 
plating and chemical brightening. 
Appendix 1, gives a list of common 
chemicals with their populai names and 
their chemical formulae. The book is 
useful for the students and teacheis of 
Higher Secondary Schools 

K. S. BHANDARI 

Physics in the Sixties. Runcorn 
S.K., Olivei & Boyd. London, 1963. 
pp. n-(-112. 

W ITH the fast advances made by 
science m the last decade, scientific 
knowledge has been growing enormously 


and has reached a stage wheie it is diffi¬ 
cult foi a scientist to claim a thorough 
grasp over it all. Thcie has been an 
ever-increasing tendency among scientific 
woikcrs, especially the teacheis to get 
hold of authentic reviews, covering the 
progress made in different fields. 

Profcssoi Runcorn has edited this 
hook piesenting seven reviews by some 
of the leading physicists, who have 
discussed the progress and problems 
in their own me as of specializations, 
The articles: 'Mallei and Force’, con- 
tnbuted by Ptofcssor Rosenfcld, 'Con¬ 
trolled Tlici mo-nuclear Fusion' by Sir 
John Cockroft, and ‘the state of Physics’ 
in which Professor R.E Peierls deals 
with different branches of physics, would 
enable the physics teachers to have 
a btief but pencil ating levicw of the 
latest developments in the respective 
fields. In fact, the aulhois have put 
forth their views in such a lucid way 
that the ai tides would he comprehensi¬ 
ble by physics teachers in general, 

For some of the teacheis, who are 
interested in the latest developments in 
other fields such as superconductivity, 
origin of the solar system, and pro¬ 
blems of scientific lesearch, there aie 
different articles by distinguished scien¬ 
tists, who are authorities in the fields 
covered by the ieviews. 

The book will be a valuable addition 
lo school libra) ies, 
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Social Insects-I. Ants 


P. Kachroo 

Indian Council of Agricultural Research , New Delhi 


I NSECTS are grouped under the 
Class Insccla of the animal king¬ 
dom. More than a million dilfercnt 
species of insects have been described 
and named so far. Individuals belong¬ 
ing to many of these species are numer¬ 
ous and are sometimes described as 
‘clouds darkening the sky’ and ‘swarms 
carpeting the ground for miles’. Some 
insects are large enough to lie visible 
but a large majority arc minute and 
can hardly be seen without the help of 
a magnifying glass. Notwithstanding 
their small size, the total bulk of animal 
matter in their bodies added together 
would exceed that of all the other land 
animals. 

Most of the insects live on land, 
either on the surface, or in flight in the 
air above it. Many live in fresh water, 
mostly until they reach the adult stage, 
some live in water even as adults. 

A few species dwell along the sea¬ 
shore above the low-water mark. Some 
of the land insects are migrants and 
make long flights over land and sea. 

Insects differ in their food habits; 
some eat all types of plants, some every 
animal substance, some are selective, and 
yet others eat nothing at all. Mayflies 
and some moths and caddis flies eat 
nothing at all and are abstainers. Wood 
Wasps, the majority of moths, beetles, and 
larvae of many insects are vegetarians. 


Many beetles, flies, some bugs and grass- 
hoppeis are carnivorous, eating both 
living and dead animal food. Many 
insects, like some crickets, grasshoppers 
and beetles eat anything that comes in 
their way (omnivorous). Most of the 
social insects (ants, bees, wasps, termites) 
change fiom one type of diet to another 
in Lheir life history: as larvae they aie 
carnivorous and as adults vegetarians. 

Some insects, like mosquitoes, are 
harmful to man, yet some like the honey 
bee and silkworm arc useful. 

Many insects make possible the cross- 
fcrtilization of flowering plants, by visit¬ 
ing the flowers in search of nectar and 
carrying their pollen fiom otic bloom 
to another. 

Some insects help nature by cleaning 
the earth of animal excreta, and of 
dead bodies. Some provide food for 
fish and some aie used as chicken 
feed. Some arc beautiful to look at, 
Some are harmful, cat our clothes, 
bore wood, sting, or are pests or 
food grains. Many thrive on human 
blood which they suck mercilessly. Some 
insects cat other insects. 

A social insect is one which lives in 
society: each society consists of the two 
parents,—or at least the fecundated 
female,—and their offspring, and the two 
generations live to a varying extent in 
mutual co-operation in a common abode 
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or shelter. Thus it follows that there 
is a lengthening of the adult or paiental 
life of social insects so as to allow this 
definitive association with the piogeny, 

Insect societies are based on the 
restriction of the reproductive function 
to one fertilized female, known as the 
queen. In ants, however, the queen 
may give birth to supei numerary queens. 
The progeny of the queen, except for 
those that are destined to perpetuate the 
species, arc sterile. The sterile forms 
become the workers, and the soldiers, 
are endowed with special insLinctive 
powers that enable them to do their 
duties. The workers are destined to 
work for the good of the society. 

The insect society is thus the best 
organized social system, the queen being 
the mother of the colony. She lays the 
eggs and is the autocratic ruler of the 
colony. Since duties of individuals 
in a colony are fixed, theic is never any 
internal trouble or revolt, nor are there 
any criminals. But colonies light and 
rob each other just as do nations of 
human beings. 

These insects perform their respective 
duties without having any previous ex¬ 
perience, and are guided by instinct. 

Insects living in well-knit societies are 
ants, bees, wasps and termites. 

ANTS 

Characters : Ants have two or more 
‘waists’ and elbowed antennae. They 
have three forms: the males, the 
females, and the workers. The workers 
differ in form amongst themselves 
according to their functions. 

The adult ants differ from all other 
insects in having at least one enlarge¬ 
ment in the waist-like part of the 


body which produces two waists, one 
bcfme and one behind the enlargement. 
The two waists greatly help the ants in 
then mobility. 

The ant lias unusual mouth parts. 
The main jaws (mandibles) and the rest 
of the month have separate functions. 
In most insects when the jaws arc used, 
the mouth is ncccssaiily open. But m 
ants the lower lip can be closed over 
the upper, completely shutting the 
mouth, and yet leaving the jaws free, aL 
each side, to open or close, Thus, the 
ants’ jaws are used both as tools, as 
well as ‘hands’ independently of the 
mouth. 

The heads of ants have a relatively large¬ 
sized brain. The wings aie absenL in 
the workers, and aie only present in the 
male and female. Ants have rather 
specialized legs, having a device combin¬ 
ing brush and comb at the junction bet¬ 
ween lire shin and loot of Lho fore-legs. In 
the abdomen there at cat least three notable 
organs, borne ants have stings togcthei 
with a gland which secretes poison to he 
injected by them. In others the poison is 
there, but the sung is replaced by a squirt 
with which it is discharged towards the 
enemy. All ants have two stomachs, the 
first is just the crop and the second the 
stomach proper. Some food in the crop 
passes to the stomach through a valve 
in between them, to be digested by the 
ant itself; the contents of the crop are 
meant to be used by the State, for the 
needs of the queen, the young, or the 
hungry. 

The queen is the fully fertile female and 
her duly is to lay fertilized eggs for the rest 
of her life. These eggs are deposited m 
a pouch which is controlled by a valve 
and are fertilized one by one. 
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Fig. I. 1. House ant (worker); 2. Male and female ants; 3 Red ant (woikei) 


The males and females are of about the 
same size. The workers are smaller than 
these two and vary greatly in size. They 
lack wings, have much larger heads and 
much smaller eyes. The males have 
smaller heads, much larger eyes and are 
winged. The queens are winged first 
but wingless later, their eyes are larger 
than those of the workers, but smaller 
than those of the males. 

Life History ; Ants live together as a 


social community in large uumbeis 
in nests. They live as mulually dependent 
members of a Slate, oi the nest. The 
latter may last for ever The nesl is built 
through common labour of some of its 
inhabitants. 

Preparation for founding a new colony 
is initialed on a hot, midsummer day. 
The event is hei aided by the flight of a 
winged female ant from an old nest. 
She is followed by other maiden queens 
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and males from her and (.he neighbouring 
nests. Males and females pair cither in 
the air during flight or after landing. 
The males die afler this act. The female 
deposits the eggs in a pouch. 

Soon the female loses her wings. She 
may find her way to her parent nest, or 
to a neighbouring nest, being welcome 
at both the places. 

Howevei, for founding a new colony 
she has to find a suitable place in the 
ground. She makes a hole and enlarges it 
into a small chamber. Here she lemains 
in seclusion and starts feitilizing her eggs. 

The eggs hatched first give rise to ants 
which aie workers. They lay the founda¬ 
tions of the nest. Now the queen is 
fed by her worker-daughters who pump 
the food into her, She lays one egg 
every ten minutes till she lives (6 to 7 
years). Some queens are rcpoitcd to 
have lived up to 13 years. The workci- 
daughters manage the entire business of 
the nest: feeding, housing, nursing, and 
defending. They collect food for all, 
passing it from mouth to mouth, and thus 
ensure equality of rations. On some of 
them falls the duty of building and 
repairing the nest. 

The nests of different species are varia¬ 
ble. A nest is either dug into the soil 
or built with sticks, pine needles or leaves, 
or may be a combination of the two In 
either case the nest is chambered. 

The workers have specific duties: some 
build the nest and some Iced the queen 
and carry her eggs to special chambers 
built for them. There the eggs hatch into 
larvae. The latter are moved from one 
chamber to another as cold and hot, 
dry and wet days succeed each other, 
so that they may have exactly the right 
temperature and atmosphere. Eventually 


they pupate and form new individuals. 
For defence of the colony, a staff of porters 
is set at the doors, which are closed at 
night, or in rain or severe cold, and opened 
in hot wcathei and, normally, by day. 
In the winter the nest is extended deeper 
underground. Some species keep two 
different nests, one for the winter and 
another for the summer. Once the nest 
is complete with its community, it is a 
permanent fixture. 

There may be more than one queen 
in a nest but there is no sign of jealousy 
between them. When a newly feitihzed 
queen finds her way into a nest, she is 
regarded as a welcome addition to the 
staff of the breeding department, and 
nothing more. 

An ant nest is supposed to go on for 
ever. Some remain intact for over 80 
ycais. In the larger nests more than one 
queen lives and such nests may create 
satellite nests. But when population 
grows too big for a single nest, migration 
takes place. The surplus population 
moves out with one or more queens, and 
establishes itself in a new nest elsewhere. 
It is interesting to note that when the 
new nest is close to the old one and the 
ants remain m constant touch with each 
other, the new nest becomes a mere 
satellite town and citizenship is enjoyed 
in common between the two. But when 
the new nest is established far away, the 
communities soon become foreigners and 
lose the community smell by which 
friends are recognized. Sometimes, as 
in case of the fiercer species, they become 
enemies and are repelled and killed. The 
antennae are the organs through which 
friends and foes are known. 

The ants have a long life, up to 16 
years or more. During this period they 
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learn and teach their sncccssms. They 
receive guests and sometimes provide 
them board and lodge as well. But 
sometimes their petmanent guests (beetles) 
work differently and cause the annihi¬ 
lation of ants. Yet when migration occurs, 
the guests and other lodgeis may be seen 
as a procession of camp-followers accom¬ 
panying the ants on their march 

Sometimes more than one kind of 
ants live in the same nest. Tims, a small 
species builds its tunnels and chambers 
m the walls separating the much wider 
passages of a larger species. Some species 
live as slaves of others. A kind of maitial 
race is also known. They only .specialize 
m fighting, 

Some do not feed themselves m 
build a nest. Some arc slave hunters. 


They steal the worker pupae of another 
kind and when the latter grow up, they 
are m do to do all housework and foiaging 
for the nest. These tints mobilize then- 
strength twite or tin icc a year and issue 
forth to repeat then slave raids. The 
(piceus of this type behave normally 
but their eggs are 1 nought tip by the slaves. 

Ants live mainly on the nectar from 
llowers, the juices of seeds, fruits, fungi, 
etc The ants keep nectai aphids under 
their protection. Sentries arc posted to 
defend the aphid-rattle from all invaders 
which belong to the nest. The paths 
leading to trees or shrubs on which such 
aphids live arc also protected. Sometimes 
a huge tiee may be divided between two 
nests, and each will jealously defend its 
own side. 
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Our Units of Measurement—III 


R. K. Palhria 

University of Delhi, Delhi 


I N the preceding articles of this scries 
the three fundamental units of 
measurement m mechanics, namely the 
metre, the kilogramme and the second 
were dealt with. In this article, we pass 
on to the realms of heat and light In 
the case of heat, we have to discuss the 
fundamental units employed in thcimo¬ 
ms try and calorimetry, and in the case of 
light the fundamental units employed in 
photometry. 

The Measurement of Temperature 

By far the most basic concept m the 
study of heat and thermodynamics is that 
of temperature. The practical basis for 
the measurement of temperature is provid¬ 
ed by the so-called zeroth law of thermo¬ 
dynamics which states that (wo bodies (or 
systems) which arc in thermal equilibiium with 
a third one are m thermal equilibrium with each 
other. Since one of these bodies could be 
some sort of a thermometer, the tempera¬ 
ture of any given body may be determined 
by establishing thermal equilibrium bet¬ 
ween it and a thermometer. For an un¬ 
ambiguous expression of the result of such 
a measui ement, we need what is called a 
temperature scale 

The fundamental principles of thermo¬ 
dynamics, which developed through the 
pioneering work of Carnot (1796-1832), 
Clausius (1822-1888) and Kelvin (1824- 
1907), led to a temperature scale which is 
entirely, independent of the properties of 


any particular substance in Nature. This 
scale, defined in terms of the quantities of 
heat associated with a Carnot cycle, is 
known as the thermodynamic scale of tempe- 
ratine and is recognized as the ideal scale 
to which all temperature measurements 
should ultimately be referable. In princi¬ 
ple, this scale could be realized lather 
simply by means of an ideal gas thermo¬ 
meter; in practice, however, neither the 
gas nor the thermometne procedure 
actually available is ideal enough for the 
purpose. Cumbersome corrections for 
these imperfections have got to lie applied 
before the actual results can be adopted 
with security. 

The experimental difficulties inherent in 
the precise measurement of temperature 
on the thermodynamic scale using real 
gas thermometers as well as the need for 
an easily and accurately reproducible 
practical temperature scale, led to the 
introduction of an International Temperature 
Scale. This (practical) scale was first 
adopted by the 7th General Conference on 
Weights and Measures, held in 1927, and 
its declared aim was to provide a scale 
which followed as closely as possible the 
thermodynamic ccnt'gradcscale realizable 
at that time. The 1927 scale was revised 
in 1948 with a view to obtaining the closest 
possible agreement with the, thermodyna¬ 
mic scale in the light of the new know¬ 
ledge gained and in eluding slight modifica¬ 
tions (based on experience) so as to render 
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the scale more uniform and repioducible The means available for interpolating 
than its original version. The revised temprratines over the whole range of 

scale, known as the International Temperature piactical interest led to the division of the 

Scale of IMS (Ini. 1918) was adopted by scale into foui parts, using three different 

the 9th General Conference m October instalments for interpolation. These 

1948. were defined as follows: 


The 1948 scale was based on six fixed 
points (including the two ‘fundamental’ 
fixed points), to which definite numerical 
values (in °C) were assigned These 
values, in each case, defined the equili¬ 
brium temperature corresponding to a 
pressuic of one standard atmosphere 
(equal to 1,013,250 dynes cm' 2 ). These 
fixed points were as follows: 

Temperature °C 


1. Boiling point of 
oxygen (the 
oxygen point) 

2. Melting point of 
ice (the ice point) 

3. Boiling point of 
water (the steam 
point) 

4. Boiling point of 
sulphur (the 
sulphur point) 

5. Freezing point of 
silver (the silver 
point) 

6. Freezing point of 
gold (the gold 
point) 


-182.970 

0 

100 

444.600 

960.8 

1063.0 


The ice point and the steam point were 
the two fundamental fixed points, whose 
assigned values were meant to be exact. 
In the case of the remaining four points, 
the so-called ‘primary’ fixed points, the 
last decimal place given for each of the 
values only represented the degree of 
reproducibility of that point. 


(a) the temperature region from the 
oxygen point to the ice point was 
defined by means of a standard 
(platinum) lcsistance thermo¬ 
meter, using a quaitic formula, 

(b) the region from the ice point to 
the ficezing point of antimony 
(630.5°G), again by means of a 
standaid resistance thermometer, 
but using a quadratic formula; 

(c) the region from the ficezing point 
of antimony to the gold point, by 
means of a standard (platinum, 
lhodium-platinum) thermocouple 
with the cold junction of the 
couple at (FC; and 

(d) the region above the gold point, 
by means of a radiation pyro¬ 
meter, using Planck’s ladiation 
formula. 

The 1948 Confeiencc also made a 
number of recommendations regarding 
apparatus, methods and procedures to be 
adopted in the realization of the scale. 
For details, reference may be made to 
sources listed at the end. 

It is important to mention here that 
besides the fundamental and primary 
fixed points, the 1948 scale also admitted 
as many as 22 ‘secondary’ fixed points, 
the highest one in the list being the melting 
point of tungsten (3380°G). The tempe¬ 
ratures assigned to these points were given 
in terms of the International Scale defined 
by the six afore-mentioned points and the 
associated interpolation formulae. These 
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secondary points were intended to be used 
as additional refeicnec points on the scale 
and, hence, could serve a pretty useful 
purpose in piactice. 

An interesting, and also somewhat 
revolutionary, step was taken by the, 1941! 
Conference in adopting a new adjective 
for the degice on the temperature scale 
The word ‘centigiade’ was discaidcd in 
favour of‘Celsius’. Thus, henceforth one 
had to read 56°C as ‘fifty-six degrees 
Celsius’ and not ‘fifty-six degrees centi¬ 
grade’. 

In defence of the foregoing decision to 
change such a firmly established nomen¬ 
clature, iL may be stated that it was 
Anders Celsius (1701-1744), a Swedish 
astronomer, who was the first to divide, in 
1742, the fundamental interval between 
the ice point and the steam point into 100 
parts. And this name has already been 
in general use in Gcimany and some other 
countries for many years, the symbol 
fortunately being the same, namely °C. 
Moreover, unlike the rival scales named 
after their originators, Fahrenheit (1686- 
1736) and Rdaumur (1683-1757), this 
scale was the only one which did not 
perpetuate the name of the man who first 
visualised it. 

THE THERMODYNAMIC SCALE 

From a fundamental point of view, it is 
quite clear that howsoever dependable an 
empirically established scale may be, we 
must not lose sight of our ultimate goal— 
the thermodynamic scale. One unique 
feature of this scale is the existence on it of 
a naturally fixed point, namely the absolute 
zero. Then, in principle, the specification 
of only one more point on the scale would 
define it completely, for the scale, as 
visualised, is a linear one. This position 


was specifically emphasized, in 1854, by 
Loid Kelvin, who was the fust to suggest 
this ideal scale, defined solely through the 
ice point, the suggestion was repeated 20 
ycais later by Mendeleev (1034-1907) 
and again in 1939 by Giauquc (b. 1895). 

Now, the 1948 Conference had already 
recognized that, with the experimental 
technique as is generally available, the 
triple point of water (namely the tempera¬ 
ture at which its three phases co-exist) 
promises to be a much moie precise 
thermometne point than Lhe ice point. 
Subsequent laboratory work strengthened 
this view all the more, with the result that 
the 10th General Conference, which met 
in 1954, resolved to define the thermo¬ 
dynamic scale by means of the tuple point 
of water as the (sole) fundamental fixed 
point, by assigning to it the temperature 
273 16°K exactly. The degrees on this 
scale were designated to perpetuate the 
name of Lord Kelvin who had visualised 
such a scale exactly one hundred years 
previously. 

Wc then have two allcinative scales, 
namely the International ( Celsius) Scale of 
19iS and the Thermodynamic ( Kelvin ) 
Scale. From any given temperature on 
the former scale, we can obtain, by 
adding 273 15, a temperature which is 
refcired to as the International Kelvin 
Temperature, °K (Int. 1948); this provides 
an almost exact representation of the given 
temperature on the Thermodynamic 
Scale. Similarly, from any given tempera¬ 
ture on the latter scale, wc can obtain, by 
subtracting 273,15, a temperature which 
is referred to as the Thermodynamic Celsius 
Temperature , °G (therm.); this again pro¬ 
vides an almost exact representation of the 
given temperature on the International 
Scale of 1948. The correspondence, how- 
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evci, is only appioximatcly exact, foi tin- 
reason that while one of the scales puts the 
ice point exactly 273.15 degiee above 
absolute zero, the other puts the triple 
point of water exactly 273, If) degi ee above 
absolute zero. It is, then, naluial that 
the size of the degree on one scale is some¬ 
what, though only very slightly, diffetent 
from that on the other. This difference, 
however, has got to be investigated more 
thoroughly bcfoic its detailed piactical 
implications aie fully lealizcd. Mean¬ 
while, with any declared temperature it is 
essential to specify as to which of the 
scales was originally employed. 

It may he noted that with a view to 
bringing about further improvements in 
the International Scale of 19-18, the 11th 
General Conference of 19G0 has made the 
following modifications: 

1. The scale lias been renamed the 
International Practical Scale of 
Temperature, 1948, the introduction 
oF the word ‘Practical 1 Is woithy 
of note. 

2. The triple point of water has been 
made one of the defining fixed 
points of the scale, with a tempe¬ 
rature of 0.01°G (Int. 1948), 
while the ice point has become a 
secondary fixed point, with the 
value 0.000°C, 

3. The distinction between the 
fundamental fixed points and the 
primary fixed points has been 
dropped and one now refers to 
all of them as fixed points by 
definition. 

The 1962 meeting of the International 
Committee on Weights and Measures has 
also made a number of tentative proposals 
for presentation at the 1966 General 


Confidence. These proposals are intend¬ 
ed primarily, 

(a) to extend the range of the Practical 

Scale below the oxygen point, and 

(b) to improve tbc accuracy of this 

scale by levising some of the values 
assigned to its fixed points, 

Limitations of space do not permit the 
inclusion of an account of these proposals 
here; the interested leader is referred to 
a leport which appeared in JIatme: 197 , 
1055, 1963. 

'['1114 UNIT OF HEAT 

Since the very beginning of calorimetry, 
water has been used as a standard material 
for heat capacity measurements. This 
has been pai tly due to the fact that it 
happens to lie a very convenient substance 
for study at oidinary tcmperatuies and 
pai tly because it is universally available in 
a pi city high dogicc of putily. Conse- 
qucntly, the earliest unit of heat was 
defined in terms of the quantity of heat 
lequired to raise the temperature of a 
known mass of (liquid) water through a 
known range of temperature. For ins¬ 
tance, the so-called calorie was defined as 
the quantity of heat lequired to raise the 
temperature of one gramme of pure water 
through one degree centigrade (hence¬ 
forth to be called degree ‘Celsius 1 ). 

As heat measurements increased m 
precision, it became clear that in order 
to be unambiguous it was necessary to 
specify the mean water temperature (or 
the relevant interval of temperature) 
while defining the, calorie. This speci¬ 
fication gave lise Lo a number of slightly 
differing calorics, such as the 15°C calorie 
(cali 6 °) which refers to the rise in 
temperature from 14,5°C to 15.5°C, the 
maximum density calorie (cal 4 °) which refers 
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to the rise from 3.5°G to 4. 5°C, the 20°C 
calotte (caL, n °) which refers to the rise 
from 19.5°C to 20.5 C G, and the mean 
calorie (cal me n n ) which was defined as 
the 100th part of the quantity of heat 
required to iai,sc the temperature of 1 
gramme of pure watei fiom the ice point 
to the steam point. Caloric, one oi the 
other, is thus the basic ‘caloiic’ unit of 
heat. 

As is well known, it followed from the 
work of Rumfoid (1753- 1814) and Davy 
(1778- 1829), that heat originates from 
motion and, in consequence, is only 
another form of energy. The physical 
equivalence between work and heat was 
finally and unequivocally established by 
the remarkably accurate experiments of 
Joule (1818-1889). Through electrical 
as well as mechanical experiments, Joule 
was able to determine the so-called Joules’ 
equivalent of heat, which defines the 
quantitative relationship between the 
amount of work (mechanical or electrical) 
expended and the quantity of heat 
produced. In teims of the absolute unit 
of work, which derives directly from the 
metre-kilogramme-sccond system of me¬ 
chanical units or from the relevant electii- 
cal units (see IV in the next i sue), namely 
the joule, we have the following relation¬ 
ships (as they presently stand): 


1 cal ]6 ° 

= 4,1855 joule, 

1 cal 4 ° 

= 4.2045 joule, 

1 cal 20 ° 

= 4.1816 joule, 

1 calmer. 

>= 4.1897 joule. 


The 1948 General Conference, however, 
recommended that the quantities of heat 
be expressed directly in terms of the 
‘energy’ units (rather than the ‘caloric’ 
units), and to this end adopted joule as the 
basic unit of heat. Of course, their resolu¬ 


tion was appended by the lemark that, 
‘if the expci iments have been made by 
comparison with heating of watei (and 
if for any reason the use of the caloiie 
cannot be avoided), then all the 
information necessary for convcision into 
joules should be furnished.’ For this 
purpose, it was suggested that the Inter¬ 
national Committee establish a table 
which will present the most precise values 
of the specific heat of watei, at various 
temperatures, in ‘joules per degiee 
Celsius’. The desired table was prepared 
by de Haas and was accepted by the 
International Committee in 1950; it is 
available on p. 56 of the 1959 edition of 
the Kaye and Laby Tables. 

In view of the 1948 decision, the In Lei- 
national Conference on the Properties of 
Steam, held in London in 1956, lcdclincd 
caloiic—the so-called I.T. calorie (cahr) 
— as an exact multiple of the joule, thus 
rendering it independent of temperature. 
The resulting unit, employed mainly by 
steam engineers, was also recommended 
by the British Standards Institution in 
1959; it is, by definition, equal to 4.1868 
joule exactly. Furthcimorc, we have the 
defined thermo-chemical calorie, used mainly 
in the U.S.A., which was defined in 1948 
to be equal to 4.184 joule exactly. 

In this connection, it is worthwhile to 
note that these clays most investigators 
concerned with calorimetry make 
measurements directly, or almost directly, 
in terms of the absolute elcctiical units. 
For them it is obviously simplest and best 
to express their results in joules rather 
than in calories. Habit, however, causes 
many to stick to their old inconveniences, 
so until these habits go we will continue 
to see the calorie used. Of course, we do 
look forward to the time when the use 
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of the joule in this field will be quite 
genet al 

THE UNIT OK LUMINOUS INTKNSI'1 Y 
Next, \vc consider the international unit 
ldcvant to the domain of photometry, 
i.c. the evaluation of light. The quantity 
fundamental to this subject is the ‘luminous 
flux’, which is a measure of the lesultant 
physical effecL of the radiant flux on the 
eye. The luminous flux is measured in 
terms of the unit called lumen (1m) which 
is defined as the luminous flux emitted 
within a uniL solid angle by a umfnim 
source of luminous intensity unity*. We 
then have to deal with the quantity 
‘luminous intensity’ which dciives fiom the 
flux to describe the strength of a light 
source in regard to its ability to ptoduce 
illumination. 

The umL employed for expressing the 
luminous intensity of any given light 
source has, up till 1948, been the so-called 
International Candle. This was originally 
defined in terms of a candle of specified 
composition. However, in 1909, it was 
re-defined in terms of certain special lamps 
(the Carcel and pentane lamps), but was 
maintained by a set of carbon filament 
electric lamps. Unfortunately, this mode 
of maintenance has proved incapable of 
the desired degree of reliance in reproduc¬ 
tion. With this in view, the International 
Committee on Weights and Measuies 
adopted, in 1948, the black-body radiator 
as a standard source for this purpose. 
Thus, they defined a new unit of luminous 
intensity, named the candela (cd), such 
that one square centimetre of the surface 
of a black-body radiator at the temperature 
of solidification of platinum (2046°K) has 


a luminous liitensiU of b() cd in the 
duertiou normal to the surface, in other 
words, tlic radiator smfarc lias a lumi¬ 
nance of 00 rd/cm 3 One finds that the 
new unit is approximately f) 98 of the 
oiiginal International dandle. 

The main stand,udismg laboiatones 
now employ a special anangement, shown 
in Fig 1, foi the realisation of the candela. 
Tins anangement consists of a small 
eylindei of pin e fused lliona about 45 mm 
long and of internal diamctci about 
2.5 mm. Its bottom is packed with 



powdered fused thoiia about 10 mm 
deep. It is suppoilcd in a crucible of 
fused thoiia containing platinum The 
hole, in its lid acts as the black-body 
radiator. The nueiblc is smrounded by 
powdered fused tlioria. The platinum is 
melted by placing the crucible in the coil 
of a high frequency induction furnace, 
The power is then reduced until the heat 
supplied is slightly less than that lost to 
the surroundings. The platinum thus 


* It may be noted that for the wave-length corresponding to tile maximum visual sensitivity, 
namely 5550 A, one watt of monochromatic light is equivalent to 686 lumens: Sec Giliham, E.J. 
1964 ,-Pnc. Hoy.Soc. London, A 278 s 137, 
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cools slowly and maintains the cylinder 
at its melting point, whilst this is solidifying 
and giving out its latent heat of fusion. 
This condition can be maintained for 
about 10 minutes, the constancy of the 
temperatuie being indicated by the 
luminance of the radiator remaining 
constant. 

When in use, the crucible is mounted 
near a photometer bench and an enlarged 
image of the mdiator is formed on a 
photometer by means of a lens and prism 
(see Fig. 2). Viewed from the photometer, 
the lens diaphragm appeals filled with 
light, and this has the same luminance as 
the radiator (except for transmission 
losses, which can be ascertained by an 
auxiliary experiment). Thus, the area 
of the hole in the radiator need not be 
known. Then, by the customary photo¬ 
metric procedure the luminous intensity of 
filament lamp standards is compared with 


that of the ladialoi, cfleeting thereby the 

calibration of the souices actually used in 

practice. 
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Galileo Galilei 


A NEW VISION OF THE UNIVERSE 

Carlo Maccagni 

Secretary , Italian National Committee for the Celebration of the 4th 

Ccntcnaiy of Galileo 


T HE pages of history arc filled 
with coincidences of persons and 
events which were we to notice them 
would strike us as extremely interesting 
and at times highly significant. Two 
such coincidences maik the dates of the 
birth and death of Galileo. 

Galileo Galilei was born m Pisa on 
February 15, 1564 and died in the village 
of Aicctti near Florence on Januuty 
8, 1642. Now, 1504 was the year of 
Michelangelo’s death, 1642 the year of 
Isaac Newton’s birth. With the death 
of Michelangelo, the Italian Renaissance 
and its eia of artistic splendour comes to 
an end. With Newton, the foundations 
of modern science, as we know and ics- 
pect it today and which Galileo’s great 
pioneer work did so much to create, are 
at last firmly established. 

It is in this sense that it can truly 
be said of Galileo that he marks the end 
not only of a period in history but of a 
form of civilization. For, thanks to his 
scientific attitude and discoveries, a wide 
breach was opened to challenge the 
metaphysical and cosmological foundations 
of his time, 

The artistic and literary explosion of 
the Italian Renaissance had not taken 
place within the pedantic circles of the 
universities; instead it had burst forth 
Reprinted from the unesco courier, May 1964 



Fig. 1. Galileo. The discnvoiies of Galileo Galilei 
iclutcd the Inng-arcopted pictiue or the cosmos 
with the earth at its centre. By Ins astionomical 
observations lie confirmed the revnlutionaiy theory 
of the Polish astronomer, Copernicus, of a solat 
system with the sun in the centic and the earth 
among the planets revolving atound it. 

and developed in the highly refined atmos¬ 
phere of the courts and palaces of fifteenth 
and sixteenth century Italy. During this 
time the universities had remained steep¬ 
ed in their medieval traditions and trap- 
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pings. Learning, both philosophical and 
theological, was puicly speculative m 
nature and reposed entirely on the doct¬ 
rines of Aristotle which had dominated 
Western thinking for two thousand yeais. 
The science of the university scholars 
was icduccd to little moie than abstract 
book-learning and, isolated anddtvoiced 
from reality, had lost all contact with 
the exciting new teclmicpies which were 
then being developed by craftsmen and 



artisans across the face of Italy and 
Europe. 

The univeisity scholars had taken ovei 
unchanged (and indeed were veiy proud 
of it) all of Aristotle’s views of the physical 
and cosmological laws governing the woild, 
to which had been added the system of 
astronomy devised by Ptolemy of Alexan¬ 
dria in the second century of our era. 
The Catholic Church had not only given 
its support to these views but had actually 
adopted them as the official Church 
doctrine. The natural philosophy of 
Aiistotle as well as the astronomy of 
Ptolemy taught that the Earth was the 
centre of things and that the heavens, 
with the stars, the Sun, the Moon and 
the Planets, revolved around it m twenty- 
four hours. 

According to Aiistotle the universe was 
divided into two separate and totally 
distinct realms—the heavens and earth. 

In the heavens (die domain of astro¬ 
nomy) eveiything was celestial or godly 
by nature and hence perfect, eternal and 
incorruptible, the stars and their concen¬ 
tric spheres all moved in peifcct circles 
as did the Sun and the Planets. Like 
everything else beyond the Earth these 
were perfect, everlasting and immutable. 


My dear Kepler, what would you say of the learned who steadfastly refused to 

glance through the telescope? 

GALTLEO lias ldated how, in 1G09, he icrcivcd arepoit from abroad on the construc¬ 
tion of a spyglass and applied lumsclf to the invention of a smnlai instrument. ‘First,’ 
he wiote, ‘I piepaved a tube of lead, at the ends or which I fitted two glass lenses, both 
plane on one suit- while on the othei side one was sphciically convex and the other concave. 
Then placing my eye near the concave lens, I pciccivcd objects three times closet and nine 
times huger than when seen witli the naked eye. Next I constructed another one. Finally, 
sparing neither labour nor expense, I succeeded in constructing for myself so excellent an 
instrument that objects appeared neatly 1,000 times larger and over thiity times closer than 
when regarded with our natmal vision’. Galileo eventually built hundreds of telescopes 
(above, two of these now in the History of Science Museum in Florence). His telescope was 
to bring a new vision to man, though not until intense lesistance had been overcome. ‘My 
dear Kepler’, wrote Galileo to his friend, the German astionomer, ‘what would you say of 
the learned here, who, replete with the peitinacity of the asp, have steadfastly refused to cast 
a glance through the telescope? Shall we laugh, or shall we cry?’ 
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FiK 3. An early working model of the solar 
system auangt’tl acroitlniR to Oojieinican ideas—the 
foundation upon winch inotlei n asti onoiny was built. 

The Earth (governed by the laws of 
physics) was imperfect, unstable, cvcr- 


changing and perishable. All natural 
and spontaneous motion could only be 
in a stiaight line . heavy bodies fell down- 
waids towaid the centicof the earth (the 
Earth itself being motionless m the centie 
of the universe), while light bodies moved 
upwards. All other forms of motion on 
earth, according to the Aristotelians, 
were ‘violcnL’, that is, produced by some 
external force acting upon a body This 
movement ceased immediately the force 
was removed. Bodies fell at different 
speeds while certain elements, such as 
(lie, moved upwards, That the Sun, 
the stars, the Moon and indeed the whole 
universe rotated aiound the Earth appear¬ 
ed obvious to anyone gazing up at the 
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heavens while the Earth seemed stable 
and solid beneath man's feet. 

It was on this ‘commonsense’ basis 
that physics and astionomy were taught 
at the University of Pisa when Galileo 
entered it as a student in lfiBl, seven ycais 
after his family had moved back to 
Florence. 

Galileo entered the 'Faculty of 
Artists’, as iL was then called, with the 
intention of taking a degree in medicine, 
but he never completed the course, and 
after four years left the university lor 



Fig. 5 The first Explorer of the moon 


good. But as a student he had already 
made his firsL important discovery in 
physics. Watching a lamp swinging fiom 
side to side in the Cathedral of Pisa he 
noticed that though the distance of each 
swing was reduced shaiply as the 
movement died down the time taken for 
every full swing to and fro remained 
practically die same. Tints was boin the 
law of the isochromsm (01 equal time) 
of the pendulum which was later applied 
in the invention of the pendulum dock— 
the first mechanism to make possible the 
constant and accurate measurement of 
very tiny intervals of time. 

'THE BEST YEARS OF MY LIFE’ 

The importance of this discovery, 
however, was far greater than this first 
practical application. It gave science 
an instrument capable of making the 
piecise measurements required by astro¬ 
nomy and experimental mechanics. 
Galileo himself made use of the pendulum 
The (list celestial boclv on which Galileo 
liaincd his telescope in 1609 was the moon 
The sketches ( left) made by Galileo to illustiale 
his discoveries cannot convey the sense of wonder 
and delight this new picluie of the moon awoke 
in him. The lunar landscape that he saw through 
the telescope was not the smooth and spherical 
silt face that many philosophers had believed it to 
be. What impressed Galileo was that it looked 
like a ghostly ‘caithly’ landscape, He described il 
thus 'more and more peaks shoot up as if spiouting, 
now hcie, now there, lighting up within the shadow¬ 
ed poition; these become laigei, and finally they 
too arc united with that same luminous surface 
which extends further. And on the earth, before 
the rising of the sun, are not the highest peaks 
of the mountains illuminated by the sun’s rays 
while the plains remain in the shadows ? But on 
the moon the variety of elevations and depressions 
appears to surpass in eveiy way the roughness of 
the lerrestial surface.. ’ And Galileo calculated 
height of the mountains with an astonishing pre¬ 
cision. Science still agrees with his estimate that 
they are four miles high. 
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principle to demonstrate aspects of the 
law of inertia. 

Towards the end of his studies at Pisa, 
Galileo was drawing more and more 
towards mathematics; he. concentrated 
in particular on the works of the gicat 
Greek scholar Archimedes and developed 
a special interest in gcomctiy and mecha¬ 
nics. 

By 1589 he was so well vciscd in these 
subjects that the University of Pisa appoin¬ 
ted him as its Piofcssor of Mathematics, 
a post he held for three years. During 
this peried he carried out his experiments 
on falling bodies and, as legend has it, 
dropped objects of different weight from 
the top of the Leaning Tower of Pisa to 
prove that they would fall with equal 
velocity and with unifoim acceleration. 

After writing treatises and dialogues 
‘On Motion 1 (in Latin, according to the 
tradition, under the title De Motu) Galileo 
then embarked on more original research 
in the field of mechanics and constructed 
his Bilancetla , a hydrostatic balance for 
weighing substances in water. 

Galileo’s fame as a scientist was now 
spreading in academic circles. He passed 
on the results of 1ns research to other 
scholars, and established close personal 
contacts with some of the most distin¬ 
guished philosophers and mathemati¬ 
cians of his time. 

Gelileo’s reputation and scientific 
training as well as the help of influential 
friends now procured for him the post 
of Professor of Mathematics at the Univer¬ 
sity of Padua—an appointment made by 
the Senate of the Venetian Republic. 

Padua provided the ideal element for 
Galileo, He remained there from 1592 
to 1610 and in a letter to a friend written 
many years later when he was old and 


blind, he recalled this period as ‘the best 
IB yeais of my life. 5 

DUST TURNED TO ST \RS 

Padua, a neighbouring city to Venice, 
had preserved to the full ns ancicnL and 
vigorous imiveisity tradition. It was 
the cultural capilul of the Venetian 
Republic, whose Senate took an immense 
priclc in the univeisity and allowed its 
Faculty and students the greatest freedom 
of thought and opinion. The nobility 
of Venice was also passionately drawn to 
the arts and sciences, and its members were 
pi oud to have fiiends among the pro¬ 
fessors of Padua. 

In the lively almosplieie of this univer¬ 
sity, with its exuberant outlook and its 
opportunities for fiec, critical, open- 



I 1 

Fig, 6, The Globus Magnus of Tycho Brahe. In 
the cosmic system invented by this Danish astronomer 
just before Galileo began his observations of the 
heavens, the planets Mercury, Venus, Mars, 
Jupiter and Saturn moved m orbits, around the 
sun while the sun moved in an annual orbit round 
the earth. 
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Fig 7. The spheiical cosmos of the Greek 
astronomei, Eudoxus (1) propelling sphere-invi¬ 
sible, immovable, (2) star sphere (cairies other 
spheres with it) period of involution: 1 dav; (3) 
Satuin sphere 29 years: (4) Jup ter splieie 12 yeaisj 
(5) Mars sphere 2 yeais, (G) Sun sphere—1 yeai, (7) 
Venus sphete 6 yeais; (II) Mercury sphere —3 months 
(9) Moon sphere 1 month; (10) Eaith sphere immo¬ 
vable. From - Tutorial History of 1 hlosophy 
Philosophical Library Inc. New Yoik. 



OLD VISIONS OF THE UNIVERSE 
In their efforts to reform astronomy both 
Copcimeus anti Galileo turned to wiiteis of the 
Ancient Wmld to see what thcoucs they had to offei, 
and m paiticulai to those of Pythagorean ash onomy. 
In the 5th cent n.c this school had pictuicd the 
imivei.se as a system with cncular mbits whose pivot 
was a ‘cential fire’, around which swung the cailh- 
itself an cirant body like the test, I’tolcmy, in 
the 2nd century A d. conceived a complex cosmic 
system in which, the eaith stood immobile in the 
centre of the univcise, with the slats and the planets 
moving aiotind it. Ptolemy’s thcoiies held sway 
foi 15 centuries. About 1520, Copernicus returned 
to the Pvlhagotean theory which places the sun in 
the centre of the system. Men scofTtd at the thcoiy 
ol Copernicus until the woili of Galileo confiimecl 
his reasoning. Ulusti ations on this page illustrate 
some ancient views of the univcise. 

minded discussion, Galileo was quick to 
form new contacts and fnendships. 
He became a well-known figure in Paduan 
and Venetian cnclcs. Hcte lie foimed a 
close and lasting friendship with a noble¬ 
man, Gianfianccsco Sagrcdo, who later 


Fig. 8 How the ancient Hindus saw the world. 
An caily conception of the universe, in which the 
woi Id was suppoittd on the backs of four elephants, 
standing on a gaint turtle (See in the Centre of 
the Map Unesco Cornier, Match lf)5G.) 


F'g. °. Ftoin left, Uiania, muse of Astronomy 
and Ptolemy in this illustration from a woik by 
Jean de Holhwood, published in Paris in 1521. 
Above them is the Ptolemaic conception of the 
cosmos with the earth at the centre. 
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became one of the intetlocutors of the 
famous Galilean Dialogues. Watching 
the dockyaid workeis of Venice at their 
tasks Galileo found new and rewarding 
material for scientific reflection. 

Like most of the university profcssois 
of his day, Galileo had a number of stu¬ 
dents lodging at his home to whom lie 
gave private tuition. He also set up a 
small workshop under the dheclion of a 
mechanic named Marcantonio Mazzo- 
lam, where geometrical, astronomical and 
navigational instruments were made. 
One of these was the famous ‘geome¬ 
trical and mihtaiy compass’ conceived 
by Galileo in the fust years of the seven¬ 
teenth centuiy. It was a kind of slide rule 
with which certain operations in arith¬ 
metic and geometry could be done mecha¬ 
nically, it was also used to solve problems 
1 elating to fortified woiks. 

It was also front this workshop dial the 
famous telescope that Galileo constructed 
with his own hands in 1609 is believed 
to have come. By introducing the tele¬ 
scope as a scientific instrument Galileo 
revolutionized astronomy and cosmology 
and laid the foundations of modem science. 

As Galileo himself relates, he set out 
to make the telescope fired by his inborn 
desue for knowledge and his urge to 
verify the findings of others—in this case 
because he had heard that a spectacle 
maker m the Low Countries had devised 
an optical instrument ‘by means of which 
visible objects though very distant.. . 
were distinctly seen as if nearby.’ 

After many attempts he managed to 
produce a telescope which though not 
very powerful was of sound design, and 
then others, one of which he presented to 
the Venetian Senate. Then, realizing the 


vast possibilities of the instrument for 
astronomical research, lie began to use 
it himself for scanning the heavens. 

The results were at once so encouraging 
that lie was spunecl on to continue lus 
reseaieh and extend his investigations, 
So great was his enthusiasm that all his 
tliseovei ies in the lealm of asttonomy 
came in one iiemendous explosion of new- 
lound cosmic knowledge, within the space 
of a single year. 

It is nou-a-days diflioull fm us to 
imagine how Galileo fell when, looking 
ihiough Ins telescope fin the fust time, he 
beheld the heavens spangled with stais 
that no man had ever seen before. What 
he witnessed was the lepudiation of all 
the traditional theories, m fact of eveiy- 
thing that philosophers and astionomeis 
had evoi taught the immutability of the 
heavens. 

But was it not perhaps the fault oi the 
instrumentWas it deceiving his eycsi 1 
What was he to believe—the wisdom 
handed down over the centimes or the 
evidence oi his own eyes’ 1 He had, after 
all, tested lus telescope on nearby objects 
also visible to the naked eye and these 
had not been alteicd m appearance, but 
merely magnified, 

Perhaps indeed this was a sign that 
a new eia was at hand and that Coper¬ 
nicus had been right to attack the Ptole¬ 
maic system aftei all? And if this new 
instrument could be used to explore the 
uncharted expanses of the heavens it 
would perhaps prove beyond doubt the 
validity of the Copcinicau theory of astro¬ 
nomy, whose simplicity had already 
convinced Galileo of its wot lb. 

Such doubts as these must have assailed 
Galileo as he continued his research; 
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Fig 10 I’ylhogmv.s 

each night, brought new elements to add 
to the already foimidable body of irrefu¬ 
table evidence against Ptolemaic astro¬ 
nomy and Aristotelian cosmology 

BOWED BUT UNCONQ.UERED 

One of the fust discoveries winch 
Galileo made, after being shuck by the 
amazing ntunbei of fixed stars, was that 
both the Milky Way and the great Nebulae 
were themselves composed of multitudes 
of stars and not of particles of dust, 
vapout or clouds as Uadihonal astronomy 
had always maintained. 

The first celestial body he studied was 
the Moon, according to tradition a smooth, 
uniform and precisely spherical body 



Fig. 11. Copernicus 

composed of absolutely pure matter 
Galileo saw at once that it was 'uneven, 
lough and full of cavities and prominences’ 
—in other words, traversed by valleys 
and mountains. He noted too that it 
was unevenly illuminated 

Thus the Moon, by its shape and its 
siufacc, appeared to closely resemble the 
Earth This disturbing resemblance 
refuted the ancient dogma of Aristotle 
about the heavens being both perfect 
and inconupliblc: it also challenged the 
woi th of the entire traditional cosmolo¬ 
gical system, and threatened in consequence, 
the accepted metaphysical one and 
the theological system founded upon 
this. 
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Oil the night of Jammy 7, KilQ, while 
Galileo was observing the planet Venus, 
lie noticed three more relestial bodies 
which, unlike the fixed situs, appealed to 



Fig 12. The Booh that Shook a U'oilt! More 
than 2000 years ago Pylhagotns, the Greek 
and his followers accepted the idea that 
eaith rotates on its aMs and travels around 
the sun which is placed at the centre of the universe. 
But the ideas of Aiistotlc, the Greek Philosopher 
(4th cenluaiy n c.) on the eaith’s immobility 
at the centre of the universe continued to dominate 
the Western wot Id Ptolemy’s aslionmny of the 
2nd centtuy a.d, was also based on this idea. 
In 1543, Nicolaus Copernicus, a Polish astiono- 
mer published his ‘De Revoluiiombus’ which 
claimed the earth revolved aiound the, sun. 
In 1632, Galileo wrote his Coprinican manifesto, 
the Dialogue on the Great Woild Systems. The 
fiontispicce of the original edition (above) shows 
Copernicus debating the systems with Aristotle, 
whose followers continued to oppose the nesv 
Coperntcan view of the universe. 


move around the planet as if this was 
the centre of their system Continuing 
his obscivniions on succeeding nights 
and noting the tegular periodicity of 
these stats, Galileo deduced that they weie 
indeed satellites, and by Januaty 14 he 
bad diseovnecl yet a fourth satellite of 
Jupiter. 

Thus he reasoned, there exists in the 
Universe anothei eenlic of totation other 
than the cat lit. Because of the actual 
movement of the Moon and the apparent 
movement of the Sun, the fixed stars and 
the entiie celestial sphere, the Earth had 
hitherto been icgai ded as the unique 
axis of the cosmos. Nmv, more and more 
proofs wcie found to support the Coperni- 
can ideas of cosmology. 

Galileo decided to tcveal his discover¬ 
ies to otlici scientists. He did so m 
March Kill) in a sixty-page pamphlet 
entitled Sulcwis Nmicnt r (The Stairy 
Messenger) which was published in Venice. 
The reactions it pi evoked ranged Horn 
enthusiasm to suspicion, cuuosity and 
distrust. Above all n gave rise to endless 
discussion. 

To clarify his position Galileo left 
Floicnce, where he had gone to live after 
leaving the University of Padua and being 
appointed philosopher and mathematician 
to the Cota L of the Mcdicis, and set out 
for Rome. Here, in the spring of the 
year 1G11 lie was given a triumphal recep¬ 
tion. The falhcts of the Collegia Romano , 
the supreme authority in culttual affairs 
at that time, recognized his discoveries. 
The select Accademia die Lined (the 
lynx-eyed), presided by Prince Federico 
Cesni, elected him a member (the sixth), 
an honour he prized so highly that there- 
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after lie always signed lumsclf ‘Galileo 
Linccoh 

While in Rome and on his lclurn to 
Floience he picsscd on with his research, 
calculated the time taken by the ‘Mcdicean 
Stars’ to rotate mound Jupiter and jour¬ 
neyed ever fiuthcr into the new woild 
levealed to linn by his telescope. 

The telescopes he made and others 
copied fiom them were by now to be 
found in all parts of Euiope. Scientists 
and laymen fired with curiosity scanned 
the skies with the aid of these new instru¬ 
ments and in no time at all more had 
been added to the knowledge of astio- 
nomy than m all the thousands of years 
gone by. 

On July 25, 1611, Galileo observed 
that Saturn was ‘ti ipleformedk His 
telescope was not powerful enough to 
show him the rings around this planet. 
He saw it as an oblong-shaped rather 
than a spherical body, and even as having 
three parts—a laiger central body flan¬ 
ked by two smaller ones. It was not 
until 1655 that Huygens, the Dutch 
mathematician and physicist, using a 
much more powerful instrument, perceiv¬ 
ed the ring around Saturn. 

In the meantime, Galileo had also 
observed the spots on the sun. This was 
a levelation of major importance for the 
supporters of the Copernican system for 
it demonstrated that the sun itself—this 
‘noble’ and ‘perfect’ body—was also 
subject to changes not acceptable to 
Aristotelian theory. Galileo was able 
to show that from observations of these 
spots one could prove the rotation of 
the sun, and even compute the speed with 
which it rotates upon its axis. 


Already as early as December 1610, 
Galileo had observed the phases of Venus 
which was another striking pi oof that the 
centre of the orbit of that planet was not 
the Eai ill but the Sun. 

In the books and letters by which he 
announced his discovcncs to the world 
of learning, Galileo consistently affirmed 
his belief in the theories of Copernicus, 
which had now been confirmed by so 
many convincing proofs. But it was 
above all in one single work that he descri¬ 
bed all the results of his years of research 
in astronomy and mechanics. This was 
the Dialogo sop) a i due massimi Sislemi del 
Mando (Dialogue on the Great Woild 
Systems) whose publication in 1632 
was the signal for an onslaught on Galileo 
by all the forces of leaction , all those who 
leiuscd eitlici to understand or to concede 
the facts that had been proved by experi¬ 
ment and reasoning. 

Galileo had aheady icceived a sharp 
warning in 1616 and had been told not to 
uphold or leach the Copernican doctiine 
which the Church had condemned as 
erroneous; and he had, officially at least, 
bowed to this injunction. When Maffeo 
Barbcrmi, who had often shown marked 
favour to Galileo, was elected Pope with 
the title of Urban VIII, the scientist 
believed that he could now freely and 
openly express his scientific views. Thus, 
after visiting Rome in 1624 to pay homage 
to the new Pope, Galileo set about com¬ 
pleting his Dialogue , which in rcaliLy, he 
had been pondering on since his days 
in Padua. 

For publishing this work Galileo was 
summoned before the Tribunal of the 
Inquisition. He was charged with viola¬ 
ting the injunction of 1616 m that his new 
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book, while paying lip service to official 
views, was in fact defending (lie Goper- 
nican doctrines 

The trial lasted from February 1(133 
into the summer of that year. Galileo 
was condemned to imprisonment and 
ordered to recant. Subsequently the 
prison sentence was commuted to con¬ 
finement in the residence of the Giand 
Duke of Tuscany in Rome, and lie was 
later authorized to move fust to Siena, 
and finally to Florence. 

Despite the condemnation, which was 
to have far-rcaching repercussions cm 
scientific life in Italy, Galileo did not 
capitulate. He worked on until he had 
completed his greatest and most mature 
work, Discourses and Demolish ations on Two 
New Sciences) which was published at 
Leyden in 1638. 

The Dialogue on the Great World Systems 
and the Discourses are Galileo’s major 
works and together form the basis ol 
modern dynamics 

In the Dialogue, Galileo embarked cm 
lus great defence of the Copernican doc¬ 
trine; in the Discowces he developed the 
theme of his earlier work in far greater 
depth and detail, confirming his conclu¬ 
sions by practical demonstrations. In 
this work Galileo set out the results of 
half a century of scientific research syste¬ 
matically expanding and summarizing 
his discoveries and conclusions. 

The measure of Galileo’s greatness 
was that he saw through the superficial 
and deceptive appearance of quite ordi¬ 
nary, everyday things and grasped the 
reality behind them that other men had 


never been able to perceive. The key 
to Galileo’s achievement was the com¬ 
pletely new method of scientific lesearch 
that he himself had devised. 

Galileo made use of a powerful battery 
of arguments in his assault on the theories 
of traditional science. He advanced the 
universal principle of relativity, formu¬ 
lated the law governing the free fall of 
bodies, defined the principle of inertia 
and studied the composition of motions 
And, perhaps most important of all he 
considered the pioblcm of the ‘truth’ and 
the ‘validity’ of the science of the universe 
from a viewpoint that still is ‘modern’. 

Galileo used a revolutionary approach. 
IIis weapon was the principle of relativity 
and with it lie swept aside all arguments 
advanced against the idea that the earth 
lotatcs. From the most commonplace 
experiments and observations came 
principles that none of Galileo’s prede¬ 
cessors had been able to grasp or expound. 

The Galilean principle of relativity 
maintains that it is impossible to tell, 
Irom mechanical experiments carried out 
within a given system, whether that 
system is in a state of rest or in uniform 
linear motion. In this way Gehleo 
refuted arguments against the earth’s 
rotation based on facts observed on the 
eaith itself, that is, from within the same 
system, 

To support his hypothesis Galileh 
used the example of a ship. He pointed 
out that it is impossible for anyone inside 
a vessel to tell whether it is in motion 
simply by observing animals or objects 
in movement within, since there are no 
observable relative changes, between 
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these animals or objects clue to any 
movement by the ship. Moicover, he 
affirmed, there is no absolute motion, 
either celestial or lerreslial, lotatory oi 
linear, upwards 01 downwards; theie is 
only motion in 1 elation to a point that 
is assumed to he fixed. 

To determine whether celestial bodies 
are stationary or in motion, astronomers 
still take as their point of reference 
three axes tiaced within the solar system 
(and called the Galilean axes m honour 
of the great scientist) by which motion 
can to some extent be measmed, though 
subject always to relativity. 



Fig. 13. Galileo became blind a few yeais be¬ 
fore his death in 1642, but continued to work 
energetically. He maintained his scientific corres¬ 
pondence and, as shown m this painting by Luigi 
Sahatelh, dictated his ideas to his disciples, Vincent 
Viviam, the mathematician, and Evangelista 
Torricelli, the physicist. 


Some of the commonest arguments 
to support the view that the earth is 
motionless had been based on observa¬ 
tion of moving bodies, and more parti¬ 
cularly of projectiles, on its surface 
And these movements of course showed 
none of the effects which it was wrongly 
believed should be produced by the 
earth’s rotation 

But although the principle of relativity 
had now provided a satisfactory ex¬ 
planation on this point, there still re¬ 
mained the pioblem of the ‘sponta¬ 
neous’ movement of bodies and the 
‘violent’ motion of projectiles 

By experiments, Galileo demonstrated 
Lhc error of Aristotle’s theory that the 
velocity of a freely-falling body is direct¬ 
ly proportional to its weight, and showed 
that all bodies m free fall towards the 
earth have the same velocity. These 
experiments led Galileo to his studies 
on inclined planes. 

Objects diopped from towers or build¬ 
ings could only be observed in movement 
for a matter of seconds and thus little 
information of value was obtained from 
such experiments. With the inclined 
plane, however, it was possible to pro¬ 
long the, time of fall and to control and 
measure the velocities produced. 

By experiments of this kind and others 
carried out with a pendulum, Galileo 
dcmonstiatcd that all velocities reached 
in descending from the same height, 
but along planes of different inclination, 
are nevertheless always equal. He was 
thus able to formulate a new basic 
principle of dynamics; the principle of 
inertia. This states that the velocity 
of a weight moving along an inclined 
plane accelerates in proportion to the 
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angle of slope of the plane, and accumu¬ 
lates enough energy (allowance being 
made foi the effects of fuel ion and air 
resistance) to return, like the pendulum, 
to the same height from which it started. 

The formulation of the principle of 
inertia becomes complete when it is 
shown that, unless outside forces 
intervene, a body lemains at rest (winch 
even the Aristotelian school admitted) 
or in uniform motion. This was a 
postulate which ran counter to all the 
ancient theories on the contrast between 
natural and ‘violent’ motions, and it 
afirmed that these motions, which had 
hitherto been regarded as entirely 
different in nature, could actually be 
combined. 

Applying the principle of inertia, the 
law of free-falling bodies and the principle 
of the composition of motions, Galileo 
was able to split up projectile motion 
into its component parts; the motion of 
inertia operating in the direction and 
at the velocity of the initial impulse, and 
a downward motion due to gravity. 


The result is a parabola. Galileo was 
now aide to draw up the first firing 
tables, which arc icproduced in hi s 
Discowses. 

This, in my view, was one of the 
gicatest moments ot Galileo's scientific 
career. lie was now possessed of the 
facts that were required in order that the 
work begun by him might be completed 
by the English scientist, Sir Isaac Newton, 
neaily half a century later. Newton 
was able to complete his elaboration of 
the scheme of the Universe by apply, 
ing to the motion of heavenly bodies 
Galileo’s analysis of the dual forces 
(merlin and gravity) which govern the 
trajectory of projectiles. Thus were 
laid the foundations of modern scientific 
development. 

Galileo had faced lire humiliation of 
his condemnation with firm courage, 
convinced beyond all doubt that lus was 
the path of truth. This was his ‘Credo’ 
and he never ceased to proclaim it to 
the world. 


In questions of science the authority of a thousand is not 
worth the humble reasoning of a single individual. 


Galileo Galilei 



Some Remarks on Teaching Different Bases 
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T HERE arc several well-known 
reasons for teaching notation systems 
in different bases Perhaps one of 
the most important reasons for teaching 
different bases is to help pupils acquire 
a better understanding of fundamental 
propel Lies of base ten. However, the 
usual approach to teaching different liases 
as I have seen iL presented in recently 
published textbooks and current mathe¬ 
matical literature docs not give pupils 
a clear understanding of what they are 
doing. Thus, pupils sec little or no rela¬ 
tionship between notation systems in 
different bases without understanding the 
reasons for what they do. It is a well 
established fact that teaching students to 
peiform operations based on memory 
(without understanding) serves no useful 
purpose. In fact, Dr. Fawcett says: 

No student wdl be guided toward an under¬ 
standing of mathematical method thiough teaching 
procedures which feast his memoiy and starve his 
leason. 

(Dr. Harold P. Fawcett, ‘Guidelines in Mathe¬ 
matical Education.’ The Mathematics Teacher, LIII, 
October I960.) 

Thus, it will be the purpose of this 
article to present an effective method of 
teaching different bases. 

To begin the presentation, suppose 
that we consider the following set of tally 


marks. (arbitrarily selected) 

At this point it is explained to the 
pupils that different bases simply mean 
that we count in different groups such that 
each group contains the same number of 
objects Thus, using base ten first with 
which pupils are already familiar (but 
do not understand how it works), the 
tally marks (hereafter called marks) are 
counted by gioups of tens. In Figure 1 
there is one group of ten marks and seven 
maiks left over. The pupils can very 


lO 7 



Fig. 1. 


easily verify the fact that there are seven¬ 
teen marks by counting them. This 


Reprinted from School Science and Mathematics 63 (8): 649-652, No\epibm 1933, with the kind 
permission of the rditni. 
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means that llie lesnlts can be wiittcii m 
a more concise mannci as 17, Pupils 
can do this m base ten because they have 
already learnt something about place 
value but do not understand how or why 
it works, (That is one of the main rea¬ 
sons for teaching different bases), Pupils 
have learned something about positional 
notation as follows: 
ten 

thousands thousands hundreds tens ones 
10 4 1(P 10 2 10 10° 

Thus, referring to Figme 1 again the, 
pupils immediately recognise that we 
have one ten and seven ones, giving 17. 
Next we refer to Figure 1 and count in 
groups of eights. The question arises 
now as to how may wc write the results 
in a concise mannci? Well by using the 
analogous notation for base ten wc may 
write a similar notation for base eight as 
follows • 

sixty-four eights ones 

8 2 8 8 ° 


sion or t educing common fractions, which 
I shall not illustrate here, 

Considci the following problem’ 
change 2f>/„„ to base eight. This prob¬ 
lem is done as follows: Fust the pupils 
writedown the positional notation fo, 
base eight as follows - eight 3 eight 2 eight 
eight 0 . Secondly, the pupils ask themselves 
these questions: Does 26 contain eight 0 ? 
Yes. Does 26 contain eight’ Yes. Does 
26 contain eight 2 ? No. Theiefore eight 
is the hugest divisoi. After pupils have 
answered those questions they proceed 
to solve the pioblem as illustrated m 
example 1. 


Eight 1 - -8 


Elgin 0 = 1 


26 


0 

Example 1 


Therefore, looking at Figure 1 wc have 
two groups of eight objects and one left 
over. In a concise notation we write 
21 eight (meaning two groups of eight 
objects and one left over). Obviously 
it follows that we have the same number 
of marks but the notation is different. 
From Figure 1 the student can imme¬ 
diately conclude that 21 eight = 17( <n . 

After doing several examples as illus¬ 
trated in Figure 1 we go a step further. 
Suppose a number in base ten is given and 
we wish to change it to base eight (without 
using marks). Actually what we wish 
to do here is to find out how many groups 
of eights are contained in the number 
given in base ten. This problem is 
approached by first doing ordinary divi¬ 


Thus wc started with the largest possible 
divisor (eight) and continued ‘on down 
the line’ to eight 0 . Therefore 2 6i m = 
height- The results can be checked by 
simply converting 32 eight to base ten as 
follows : 

32 means 3 (eight)-(-2 (eight 0 ) =32 eight 
= 3(8) +2(8°) 

=24+2 

= 26 fcn 

For a second example consider the 
problem 706 containing three digits to 
be changed to base eight, First the pupils 
write. , .eight 9 eight 2 eight eight 0 . Second, 
the pupils determine the largest possible 
divisor (by asking same questions asked 
in example 1). Then the pupils proceed 
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to solve the piohlcm as illustrated in 
example 2. 

iight7= 512 786 1 

512 

Eight 2 — 64 274 4 

256 

Eight 1 = 8 18 2 

16 

Eight"= 1 2 2 

o'. 

Example 2 

Thus 786/m= 1422e!^At 

The method which has been illustrated 
in examples 1 and 2 eliminates the 
process of ‘repeated division’ and 
‘keeping the remainders’ as I have seen 
U done in a very laige sampling of recently 
published textbooks and current Htcratuie 
on the teaching of mathematics. The 
fault that I have found m the ‘repeated 
division 1 process is that pupils on the 
junior high school level as well as other 
levels find it rather difficult to Understand 
precisely what they are doing. 

Beyond this point of understanding, 
we begin to use the polynomial form for 
changing any base to another base. 
However, this method requires that 
pupils know how to add and multiply 
in the base under discussion (which has 
already been taught before we reach the 
point). The polynomial method elimi¬ 
nates the division process as illustiated m 
examples 1 and 2. For example, consi¬ 
der the problem in example 2. (change 
786fe« to base eight) 

a 786 to =7(lQ 2 )+8(10) + 6(10") 

=[7(12 2 ) + 10(12)+6(12°) ] etg ht 
(convert notation in base ten to 
notation in hase eight) 


=[7(144) + 10(12)+6(1) ] e i ? ht 
(perform operations in base 
eight) 

= [1274 + 120+6]^/,/ 

= 1422 eight 

b. Change 1422 eight to base ten 

1422 eighth (eight 8 ) +4 (eight 2 ) +2 
(eight)+2 (eight 0 ) 

=1(512)+4(64)+2 (8)+2(1) 
=512+256+16+2 
= 78 6ien 

Finally, pupils aie able to discovei 
that in a place value system of numeration 
a numeiical like 6,305, is simply an abbre¬ 
viation for a polynomial in base b, like 
66 3 +36 2 +0£ + 5/>°. Once pupils have dis¬ 
covered this fact, then they can change 
any number in any base directly to the 
corresponding number in another base. 
That is, for example, they can change a 
number in base five to base twelve with¬ 
out any difficulty. The only small matter 
involved in going to base beyond base 
ten is that we simply must ‘invent’ new 
symbols. 

Thus, once pupils reach this point 
of understanding they can perform all 
of the operations we do in base ten, and 
above all have a better understanding of 
how base ten works and what makes base 
ten work as it does. Furthermore, 
pupils discover that any number TV, base 
b, may be written symbolically as follows: 

N b = S b«k, 

1=0 

which implies that 

Nb= S b l ki=b n k n +b D_1 k„_ x + 

i=o 


b”~ 2 k n _ s + . ..+bk+ko 



International Years of the Quiet Sun 


N.K. Sanyal 

Department of Science Education , 
National Council of Educational Research and Training , 

New Delhi 


O UR sun is a star, the nearest star 
from the earth, only 93 millions miles 
away. Man has always been inter¬ 
ested in the sun which gives us light 
and heat. The tiny earth at this great 
distance is able to capture only about 
2 billionth part of the total solai radi¬ 
ation in space in all directions. Yet it 
is realized by very few that most of the 
sources of energy on caitli aic ultimately 
derived from this solar eneigy. The 
driving power of the wind or the running 
water is directly traceable to the sun. 
Sunlight is locked in green plants by 
photosynthesis, and from the plant life of 
the carbonaceous age, millions of 
years ago, have originated our coal and 
petroleum deposits. Only nuclear energy, 
which still has a very limited use, is 
independent of sun. 

Scientists have all along been keenly 
interested in the nature of the sun and 
its relationship to the earth. Much in¬ 
formation about the sun is now known. It 
is believed that the surface temperature of 
the sun is near 6000°G, while the interior 
may be very much hotter. A turbulent 
gaseous layer about 6000 miles thick is 
called the ‘chromosphere’ where the tem¬ 
perature ranges probably from 30,000°G 
—60,000°G. Still outside is the thin 
gaseous envelope called the ‘corona’, 
extending over millions of miles where 


the tcmpcialuvcs aie estimated to be even 
much higher. There is constant change 
in the outer zones of the chi omosphere 
and the corona. 

Physicists have been attracted to the 
rapid changes and activities taking place 
on the sun’s surface. A convenient mea¬ 
sure of solai activity are the sun spots. 
These appeal as gigantic whirlpools of 
gas, rapidly moving in a spiral motion 
like the cyclonic sloims of the earth’s 
atmosphere. The gas mass spirals out- 
waid fiom the sun’s interior. Moving 
outwards to regions of lower pressure it 
gels expanded and cooled. These sun 
spots increase and decrease in number 
in a fairly regular way. In a cycle of ten 
to eleven years, there appears a gradual 
increase, a definite peak of solar activity 
which subsequently declines and reaches a 
minimum, at the end of the cycle, There 
may, however, be an overlap between an 
old and new sun-spot cycle. 

The solar radiation apparently consists 
of visible light and heat. Scientists have 
found that the complete solar radiation 
extends over a wide spectrum including 
infra-red, ultra-violet, X-iays, gamma 
radiations and radio waves, besides visible 
light and heat rays. 

'J”hc ultraviolet and X-radiation from 
the sun are absorbed by the upper part 
of the earth's atmosphere causing the for- 
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mation of an intensely electrified zone 
at a height of 40 to 300 miles above sea 
level. This layei is called the ionos¬ 
phere. It acts as a lcfleclor of ladio 
waves of a certain range of frequencies. 
When the sun is near or at maximum 
activity, great solai storms cause electrical 
disturbances m the lonosphcic and upset 
radio communications on the earth 

The study of ladio waves of the sun 
has opened the new field of solar xadio- 
astronomy, through which invaluable 
clues of the solai atmosphere and its 
disturbance are obtained. 

The Intel national Geophysical Yeai 
or IGY (1957-58) was an international 
cooperative scientific research piogiammc. 
The one-yeai period was the time of 
maximum activity of the sun Dunng 
this period scientists from many count!ics 
studied the earth, its structure, its atmos¬ 
phere, surface water and ice, its relation¬ 
ship to the sun and space, etc. The 
discoveries made and mfoimalion and data 
collected, were pooled and exchanged. 
The cooperative venture was a great 
success. The studies, however, brought 
forth many more new questions and 
problems, 

Encouraged by the success of the IGY 
and the new geophysical problems, scien¬ 
tists of 62 countries decided to plan a 
similar programme of international co¬ 
operative scientific research to study the 
influence of the sun on the earth when 
the sun is quietest, This programme is 
known as the IQSY or the International 


Years of the Quiet Sun. It has already 
commenced on January 1, 1964, and will 
continue till December 31, 1965 

During this period of quiet yeais, scien¬ 
tists will cxploie the atmosphere with all 
known techniques. They will study the 
natiue and causes of the mechanisms 
involved in changes of weather. The 
studies will include ground measurements 
of various data, temperature and wind 
movement at higher altitudes with instru¬ 
mented balloons, estimation of concen¬ 
trations of trace elements in air, the gam 
and loss of infra-red and heal energy in 
the atmosphere, causes of sudden warming 
of stratosphere making changes m wind 
patterns, etc Rockets and satellites will 
cany self-recording lnsliuments up to 
the highest reaches of and even beyond 
the atmosphere 

During this period, though sun-spot 
activity will be at the minimum, they will 
still be occuriing in isolation. This will 
enable the scientists to make a detailed 
study of the foimation of sun spots. It 
may help in further understanding of the 
earth and sun lelalionship. 

At this time the highly tenuous gases 
in inter-planetary space will be least 
disturbed. The ionosphere of the earth 
is also least opaque to the radio waves 
from the sun and the cosmos. Hence the 
cosmic rays reaching the earth will be 
least shielded. The IQSY will thus help 
the study of the cosmic rays and give 
clearer understandings of the origin of 
stars, galaxies and the universe, 



Why Are Cells So Small? 


Phillip R. Fordyce* 
Florida State University, Tallahassee , Florida , U.S.A. 


W HY are cells so small? This is a 
question frequently asked by stu¬ 
dents when they are introduced to 
the concept of the cell. The teacher may 
glibly answer this question for the student 
but it has been my cxpciience that the 
usual piesentations on surface aica- 
volume relationships leave many students 
confused and unsatisfied, In science today 
we often use the ‘discovery’ approach in 
order to secure maximum student in¬ 
volvement and retention. In the follow¬ 
ing paragraphs is described such an 
approach to teaching this fundamental 
principle, 

The first step in the sequence is for the 
teacher to anticipate the time when this 
question of ‘Why are cells so small'” will 
arise in his classroom by prepaiing mimeo¬ 
graph work sheets set up in such a way 
that the area of a cube may be calculated 
four times, using increasing values each 
time, down the left side of the page. Set 
up the right side of the page for four 
calculations, using same values in same 
sequence, for the volume of a cube. Do 
the same for the calculations to be made 
on both the area and volume of a cylinder 
and a sphere. These calculations could 
be assigned as homework for the night 
preceding the class discussion of the topic, 
The table in the next column provides 
the necessary values and formulae. 


Formulae 

Ti ial 

1 

Trial 

2 

Tiial 

3 

Trial 

4 

Cube 





A=Gs‘ 

V=s* 

Cylinder 

3** 1 

s=2 

s=4 

s=8 

A—27rr 5 + Trdll 

i=l 

r=2 

r=4 

r=8 

V= TTl’ll 

Sphere 

h = l 

h=2 

h=4 

h«B 

A=4irr* 

V- T 


vr =3.1 
d--=2r 




In class discussion the teacher can show 
tire students how to ‘round off’ the area 
and volume values to facilitate analysis 
of the data. The teacher should then ask 
students to derive a ratio of area to volume 
for each of the four calculations on the 
cube. Other students should do the same 
for the four calculations on the cylinder 
and the four calculations on the sphere. 
Why use these additional geometric figures? 

Now the critical part. The teacher, 
utilizing the ratios, should lead the stu¬ 
dents to the discovery that volume increas¬ 
es at a faster rate than does surface area. 
The biological implications of this ‘disco¬ 
very’ can now be explored intelligently 
by the students, In discussing the surface 
area-volume relationships care should be 
taken not to dwell exclusively on the 
implications of this principle for the in¬ 
ward movement or absorption of materials 
but also for its implications for outward 
movement or loss of substances from the 


* Mr. Fordyce was a visiting scientist who assisted in the Summer Institute in Biology, Delhi University. 
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cell, Both aspects have considerable 
importance in evolutionary theory. 

A novel demonstration to ‘clinch' this 
topic that is simple, inteiesting and 
enjoyable utilizes the following 

Prepare 200 ml of 3 per cent plain 
(non-nutuent, non-sterile) agar in a 
beaker Add to the agar 2 g of phenol- 
phthalein powder and adjust to a slightly 
acid pH with HC1. Allow agar to soli¬ 
dify Remove agai chunk from beaker 
and carefully carve from it a 4 cm cube and 
a 1 cm cube. Place both cubes in a 
clean dry culture bowl or beakei 





Agai cube cross sections 


Pout a 1 pci cent NaOH solution 
into the cultuie bowl until the cubes 
are covered, Let them stand for 10 to 15 
seconds only and then quickly dram of!' the 
NaOH and remove the blocks to a sheet 
of wax paper. Take a clean dry scalpel 
or knife and cut each cube through the 
center into two halves. 


Materials meeded 

Beaker 250 ml Agar (plain) 

Culture bowl Phenolphthalcm 

powder 

Scalpel Sodium hydi oxide 

Wax papet Hydrochloric acid 

pHydrion tape 
Balance 


Show the students the degree of diffu¬ 
sion of the NaOH solution into each cube 
as indicated by the bright red colour 
Does the observation support the deduc¬ 
tion made from the mathematical calcula¬ 
tions ? 

If it is difficult foi your students to see 
the cross sections, thin centre slices may 
be taken from each cube and placed 
directly on to the overhead projector. 
The contrast between the degrees of 
diffusion in the 2 blocks can be clearly 
seen on the screen. If time and 
materials permit the teacher may ask 
the students to perform this exercise 
themselves, 


R E 1' ERENtlES 

SCS Biological Science—Molecules to Alan Hough- 
ton-Mifflin Co., Boston, Mass 1963 
(B.S.C.S. Blue version). Chapter 7. Mastei 
Molecules, topic 7-8, pp. 138-139 

.S.C.S. Biological Science ; An Enquiry Into Life 
Harcourt, Brace & World, Inc., New York, 
1963 (B.S.C.S. Yellow version). Chapter 
14, The land turns green; topic—The 
multicellular body and the conservation 
of water, p. 222. 

[Tins papet will also appeal m Misco Memos , the 
commercial newsletter of Misco Biological, Inc., 
Ann Arbor, Michigan, U.S.A, Mi. Foidyce is the 
educational consultant for this firm The co- 
lelease or this article is with the permission or 
Misco Biological, Inc, — Editor] 



General Science Curriculum for Higher 

Secondary Classes-II 


Department of Science Education , National Council of 
Educational Reseated & Training , New Delhi 


T HE position of General Science at 
the higher secondary level in 
India has been described in an earlier 
papei*. The facts galheied were dis¬ 
cussed in a Seminar at Varanasi, consisting 
of university teachers, science consultants 
from some states, science lectut ers of some 
teacher training colleges and a small 
number of science teachers A summary 
of the proceedings of this seminal was 
reported earlier.f 

The suggested sequence of major and 
minor concepts is as follows: 

I. MATTER 

A, Scientists have propounded many theories 
for explaining the structure of matter and 
its properties. 

1. Dalton propounded a theory to 
explain the atomic nature of 
matter. 

2. Atoms of different elements are 
different (atomic number), 

3, Atoms of the same element are 
similar in proton number but may 
differ in that of neutrons. 

4, Elements combine with one an¬ 
other under certain conditions to 
form new compounds. 


fi. The combining power of a 
chemical element when it unites 
with olhets to form a molecule is 
valence. 

fi The fi c.e. clcetions of an atom 
dctcimmc its combining capacity 
with other elements. 

7. Valence electrons take part in 
chemical mu lions, in electrical 
condition and determine the 
characteristic propel ties of atoms 

B. There are three mam types of 
bonding. elcctrovalcnt, covalent 
and co-otdiuale covalent, 

B. Chemists have classified various elements in 
a systematic manner. 

1. Mendcleeve classified chemical 
elements on the basis of empirical 
observations and propounded the 
periodic law. 

2. The discovery of atomic number 
gave the Periodic Table a new 
strength. 

3. The Periodic Table provides a 
useful means for organizing the 
chemistry of elements and aids in 
understanding such concepts as 
reactivity and valences and the 
predictability of properties. 


♦General Science Curriculum for Higher Secondary Glasses— SchoalSdence, 3 (2): 151-155, June 1964, 
fNews and Notes, School Science , 3 (2); 204, 205, June 1964. 
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G, Chemical elements are divided into two 
broad classes 

1 Chemical elements are divided 
into two somewhat ill-defined 
classes called metals and non- 
metals. 

2. Some elements occupying border 
line position arc termed metalloids 
(As, Sb). 

3. Metals are generally opaque, 
lustrous, capable of taking high 
polish, good conduclois of heat 
and electricity and very often 
malleable, ductile and have a 
gieat tensile strength. 

4. Because of their chemical proper¬ 
ties, metals usually occui naturally 
in combination, and have Lo be 
extracted from their ores by 
metallurgical processes. 

D A chemical change giving rise to one or 
more new substances is called a chemical 
reaction. 

1. A chemical reaction can be pro¬ 
moted either by physical or 
chemical agencies. 

2. There are four main types of 
chemical reactions—decomposi¬ 
tion, combination, exchange 
reacdon and rearrangement. 

3. Chemical reaction is accompanied 
by energy exchange. 

4. Speeds of chemical reactions can 
be changed by a catalyst, either 
inorganic or organic. 

5. A substance which enters into and 
accelerates or retards a chemical 
reaction at molecular level and 
yet is removed at the end of the 
reaction is called a catalyst. 


A positive catalyst accelerates, 
while a negative catalyst retards 
a reaction. 

6. Catalytic processes have been 
found to take place in all living 
organisms. 

II NUCEAR ENERGY AND TESTS 

Nuclear Energy 

A The concept of elements, molecules and 
atoms undement considerable changesm 
the past 

1. Ancient Indian and Greek philoso¬ 
phers had formed a concept of 
element. 

2. Modern ideas about elements clilfer 
from those of the ancient 

3. Dalton propounded a theory of 
the atom which was subsequently 
modified by Rutherford and Bohr. 

4 Nucleus of an aLom is surrounded 
by electrons orbiting m shells. 
They cluster as an electron cloud. 

B. Some elements are radioactive and give out 

radiations of various types 

1. Some heavy atoms are unstable. 

2. These emit three types of radia¬ 
tions—alpha, beta and gamma 
rays. 

3. These elements are known as 
radioactive elements. 

4. Strong attractive forces hold the 
nuclear particles together within 
the nucleus. 

5. The nuclear binding energies are 
very high. 

6. Mass and energy are interchange¬ 
able according to the equation 
E = me* 



0. Fission and fusion are caused unde i certain 
conditions. 

1. All the atoms of an element contain 
the same numbci of piotons. 

2. The number of neutrons in an 
atom may be different; the diffid¬ 
ence gives rise to isotopes (illus¬ 
trated by ordinary hydrogen and 
heavy hydrogen). 

3. Uianium has three isotopes U 234 , 
U 235 and U 23H 

4. If U 234 absorbs a neutron, it bieaks 
into two almost equal parts. 
This process is known as fission. 

r ) Fission occurs easily m U 235 , but 
not so easily in U 231 and (J 23a . 

6, In each fission process, two to three 
neutrons arc given out winch give 
rise to a chain lcactum provided 
they are not lost. 

7. The mass of the fission fiagmcnt 
plus the mass of the neutrons 
emitted is less than the mass of 
the U 235 nucleus plus the mass 
of the colliding neutron. This 
difi’crenceinmass is converted into 
energy, 

11. The fission of one kilogramme of 
U 235 will evolve as much energy 
as about 2,000 tons of coal. 

9, In the hydrogen bomb, the fusion 
of two deuterium nuclei into a 
helium nucleus produces energy, 

Nuclear Tests 

D, Nuclear energy can be harnessed for useful 
purposes , 

1. Scientists are working at the con¬ 
trolled production of energy by 
this process. 

2. A reactor produces nuclear energy 
at a controlled rate for industrial 
use, 


3 India is constructing a number of 
nuclear power plants 

4 Radioisotopes pioduced in a 
nuclear icactoi find many useful 
applications in medicine, industry 
and agriculture 

E. Nuclear tests are harmful to man in many 
ways. 

1 The fust use of nuclear fission was 
in the form of a bomb which was 
dropped on Ilhoshima which 
produced great destruction of life 
and propei ty. 

2 The modern hyehogen bomb is 
many limes more destructive than 
the first nuclear bomb. 

3. The loss of life was due to the 
pi essui c bias t, gi cut heat generated 
and the radiation effects 

4. The nuclear powers are carrying 
on periodical tests to improve their 
nuclear weapons. 

5. These tests produce world-wide 
fall out of radioactive dust. 

(i. Radiation above the loleiable 
langc causes sickness such as 
nausea, vomiting and fatigue. 

7. Higher doses of radiation cause 
death of living things. 

8. Doses above lethal range cause 
death oflOO per cent of population 
in 30 days. 

9. Increase of radiation dose causes 
reduced life expectancy, genetic 
injury, haemorrhage and cancer. 

10. Lethal dose range varies from one 
animal species to another, 

11. Nuclear tests arc detected by many 
means, 

12. Scientists are making efforts to 
devise protection against these 
radiations. 
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III COSMIC RADIATION 

A. Cosmic rays ate charged particles winch 

bombard the earth constantly from outer space. 

1. Not much is known about the 
oiigin of cosmic rays 

2 The particles enteiing the earth’s 
atmosphere aie called primary 
radiations. 

3 The primai y radiations reaching 
the earth’s atmosphere interact 
with the atoms of air and pi oduce 
secondary radiations. 

4. These radiations have very high 
energy and penetrating powci. 

5. Studies on cosmic rays have helped 
many discoveries to be made about 
the nucleus of atoms and the foi ces 
within nuclei. 

6. The patli of the particles can be 
photographed with the help of the 
W.C. Clhambei. 

7. They can be detected by a 
Geiger countei and other counters. 

IV COMMUNICATION 

A. Electro-magnetic waves can be generated 

and detected. 

1 Hertz discoveied the genei ation of 
electro-magnetic waves 

2. These waves can be detected by 
(a) coherer (b) crystals. 

3. Diode and triode valves help m 
the transmission and reception of 
electro-magentic waves. 

4. Directive antennae are used to 
beam the transmission in different 
directions. 

5. Ionosphere helps in reflecting the 
short-radio waves which other¬ 
wise would escape in space. 

6. Transistors have replaced valves. 


B. Wireless helps ui communication at short 
and long distances. 

1. Wireless has been used by the 
police in communicating with 
each other, 

2. Pictures are beamed across conti¬ 
nents through radio-photo seivice. 

G. Photo-electric effect has a wide use in 
communication. 

1 Ejection of electrons from some 
materials as a result of irradiation 
with light is known as pholo- 
elecliic effect 

2. This effect is used in relays such as 
burglats’ alarm and automatic 
opening of doois 

3. Photo-electric effect is used in 
talkies and television. 

4. Tclslar has made woild wide 

television possible. 

V I'OOD AND HEALTH 

A. Caibohydrales, fats and proteins form the 
main parts oj food 

1. There aie three main types of 

food: carbohydrates, fats and 

proteins. 

2. Proteins are formed by the polyme¬ 
rization of amino acid molecules. 

3. Amino acids are of two types. 
essential and non-essential. 

4. Different animals need different 
essential amino acids. 

5. Essential amino acids are not 
synthesized in the animal body. 
They have to be taken pre-formed. 

B. Most of the chemical reactions inside a 
lining system are catalysed by enzymes. 

1. Enzymes are proteins with catalytic 
activity. 
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2. Enzymes aie directly responsible 
for digestion of food, tespualion, 
condition of nerve impulses, 
contraction of muscles, use of 
sunlight eneigy for synthesis of 
carbohydrates, clotting of blood, 
etc. 

3. Enzymes can be extracted from 
the cells and their reaction studied 
in test tubes. 

4. The enzyme activity is specific 
due to the presence of an active 
group known as prosthcLic group. 

5. Co-enzymes arc chemical substan¬ 
ces which are non-proteinous, but 
activate the reaction of enzymes. 

C. Ceitam chemical substances sec) tied by 
ductless glands, called hoimones, ate 
essential fat vanous physiological functions. 

1. Hormones regulate the growth and 
activity of the tissues. 

2. Hormones are found in all higher 
forms of life, animals and plants. 

3. Most hormones are produced in 
endocrine glands. 

4. Some important harmoncs in 
animals are produced by the 
pituitary, thyroid, adrenal, pan¬ 
creas, testes, and ovaries. 

5. Plants also produce hormones 
which are growth promoting and 
developing, 

D. Many microorganisms produce substances 
of great industrial value from simple 
materials {sugar, starch, cellulose) by 
the process of fermentation. 

1. All fermentation needs some micro¬ 
organisms to carry out the reaction. 

2. Enzymes present in the micro¬ 
organisms are responsible for 


3 Ethyl alcohol is produced by 

fei mentation of sugars. 

4 Some common fermentation pio- 
ecsscs take place in the formation 
of acetic acid, lactic acid, citric 
acid, etc. 

5. In the large intestines of many 
animals, useful fermentation of 
food takes place. 

(5. Fermentation by undesirable 

microorganisms can lead to the 

pioduction of toxic substances m 
the body. 

E. Many diseases tan be now conh oiled by 

the use of antibiotics. 

1 Alexander Fleming hist observed 
the destination of certain bacteria 
m a culture by accidental mould 

contamination. He isolated the 

chemical substance and named it 
penicillin. 

2. Antibiotics arc substances of 
natural origin having antibacterial 
properties. 

3. Antibiotics have been derived from 
bacteria, moulds, fungi, algae and 
a number of substances including 
plants. 

4. Most of the antibiotics are toxic 
to bacteria as well as to man. Peni¬ 
cillin, streptomycin, Chloromyce¬ 
tin, aureomycin are some common 
antibiotics. 

F. Many chemical substances are used for 

fighting diseases. 

1. Substances capable of killing or 
inactivating microorganisms are 
called disinfectants 

2. Some common disinfectants are 
—quick lime, chlorine, iodine, 
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peroxide, bleaching powdci and 
sulphur dioxide. 

3. Treatment of disease by chemical 
means is called ‘chemotherapy’. 

4. Quinine, salvarsan, sulplianiLimidc, 
sulphadiazine, etc , arc some 
common drugs which have saved 
many human lives, 

VI WEATHER SERVICE 

A Weather service helps us to know about 

the weather m advance 

1 Various types of observation 
stations operate in different coun¬ 
tries, some stationaiy and some 
non-stalionaiy. 

2. Observation stations record air 
pressure, tcmpciaturc, humidity, 
direction and speed of the wind, 
height of the base of clouds, rainfall 
since last observations, visibility, 
amounts and types of cloud cover. 

3. Weather maps arc prepared by 
considering weather obseivations 
made simultaneously over a large 
part of the world. 

4 Slow and steady ascending and 
descending motion of air in the 
atmosphere lead to the physical 
development or dissolution of 
clouds or rain and to variation in 
horizontal wind speed and in the 
formation of high and low 
pressure zones. 

5. Weather service is available to 
farmers, aviators, ships and small 
sea craft. 

6. Indian Meteorological Department 
issues weather forecasts by express 
telegram and by post to individual 
subscribers. 

7 Variable degrees of uncertainty 
occur in weather forecasts. 


VII. CHEMISTRY IN DAILY LIFE 

A. Man has used his knowledge of the science 

of chemistiy in many industrial processes. 

Iron 

1. Iron is a very important metal m 
the economy and growth of a 
nation. 

2. Iron is extracted from its ore 
(haematite) in a blast furnace by 
roasting and l educing it The 
product formed is called pig iron. 

3. Pig iron can be further processed 
to produce cast iron, wrought iron 
or steel 

4 Steel is iron containing up to 
1.5 per cent carbon and minor 
amounts of other elements some of 
which are unavoidably present. 

5. In India big steel plants are located 
at Durgapur, Bhilai, Rourkela, 
Tata Nagar, Bhadrawati. 

Aluminium 

6 Aluminium is mainly found in 
nature as ‘bauxite’—an oxide ore 
of this metal. 

7. Aluminium is obtained from 
‘bauxite’ by purifying it to alumina 
and then reducing it by electro¬ 
lysis. 

8. The metal has many uses because 
of its unusual combination of 
properties—lightness, high tensile 
strength—readily shaped, and 
good conductor of electricity ser¬ 
vice at sub-zero temperature. 

Sulphuric acid 

9. Sulphuric acid is made from 
‘sulphur’ or ‘pyrites’ by Lead 
Chamber or Contact Process by 
oxidation of sulphur dioxide. 

10. Sulphuric acid enters into a 
nujnber of chemical reactions. 
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11. Sulplnu ic acid hnds extensive use in 
the manufac.tuie of fcitihzeis from 
phospliatr lock, m descaling steel, 
in making inmganic sails and 
acids, and in (lie nianufartiuc ol 
oiganie compounds. 

12. The indusliial giowth of a counliy 
is indicated by the amount of 
sulphuric acid it uses. 

C.EMEN I' 

13 Cement is a pre-buincd mixtuic of 
powdered limestone and clay, 
which on absoiplion of water 
becomes hard like a rock. 

14. A mixtme of cement and sand is 
used as mortal 

15 Concrete is hardened mixture of 
sand, gravel and cement. 

16. Reinforced cement concrete (RCC) 
is obtained by using iron rods in 
the structure of concrete. 

B. Chemists have built giant molecules, by 
combining smaller molecules, which are of 
a great commercial value and which have 
bettered the lives of men. 

1. Polymei isation is the process of 
linking of many small molecules 
called monomers to make giant 
molecules called polymers, 

2. Plastics are high polymers which 
also contain some fillers and have 
the propel ly of being moulded in 
a desired shape, They have a 
very high molecular weight. 

3. Plastics are usually resistant to 
chemical change but soften easily 
either by heat or some other 
treatment. 

4. Some natural substances are plastic 
in nature—like rubber, gum, rosin, 
shellac, resins. 


3 Natural rubboi is a hydiocaibon 
with the empirical formula 
(k'5 bl„) n, a polymei of isoprene 
Its molcculai weight is veiy great 
1 HO,000 lo 400,000. 

(i. Vulcanization is the process of 
heating liibbci with sulphur to 
strengthen lubber and make it 
resistant lo heat and chemicals. 

7. Synthetic rubber is a high polymer 
made artificially. 

(a) lluna rubbei is limn butadiene 
and styrene—it can be vulcani¬ 
zed and is used for making tyres. 

(b) Neopicne is built from acetylene. 
It is stronger than natural 
rubber and more resistant to 
wear, heat, sunlight, water and 
chemicals, 

H. Synthetic plastics arc mainly of 
two kinds: 

(a) Thcrmo-plastic: those that le- 
peatcdly soften with heat and 
picssurc. These are long giant 
molecules of cellulose, e,g., 
celluloid, cellophane, rayon, gun 
cotton, etc. 

(b) Thermosetting: which become 
hard on heating and are resistant 
to water, wear, chemicals, and 
clo not burn, e.g., bakehte, urea, 
formaldehyde, caesin plastic, 
etc. 

C. Many of the high polymers have been used 

as fibies 

Synthetic Fibres 

I, Rayon viscose, nitro-cellulose and 
acetate are fibres obtained from 
cellulose plastics. 
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2 Nylon is a piotcm-likc libic that is 
strong, tough, slightly elastic and 
chemically stable Tt is obtained 
by polymerization of certain 
oi game acids and amines, 

3. Olhei artificial lilncs arc 

Polyester lilires (dacton, teiylene), 
polyvinyl libres (orlon), poly¬ 
thene, etc. 

D Explosives an• substances that can wideigii 

very mpid exothermic decomposition with the 

formation oj more stable products. 

1 Explosives may be single chemi¬ 
cal compounds, mixtures of 
explosive compounds or one oi 
more explosive compounds with 
non-cxplosivc material. 

2 Explosion can be caused by heal, 
impact, friction oi detonation wave 
from another explosion. 

3. Explosions generally form gaseous 
compounds or in some cases gases 
and solids resulting in • 

(a) liberation of large amounts of 
heat and raising the products to 
a high temperature, 

(b) gaseous products having a 
volume far greater than that 
of explosives themselves which 
expand considerably and are 
capable of doing a great amount 
of work. 

4, Some common explosives are: 

(i) Gun powder—a mixture of char¬ 
coal, sulphur and nitre, It is a 
common constituent of fire¬ 
works and gun cartridges. 


(n) Mercury fulminate—prepared by 
the reaction of mercury, ethyl 
alcohol and nitric acid, is 
most sensitive to impact, fuclion 
oi heal , mainly used as a 
detonatoi 

(iii) Nitroglycerine is a colouiless 
liquid obtained by nitrating 
glycerine. It is largely used m 
manufactuie of dynamite and 
piopellants. 

(iv) T.N.T. (trimtiotoluene) is pre¬ 
pared by nitrating toluene. It 
is used in shells, bombs and 
grenades 

(v) Dynamite is nitroglycerine absoi- 
bed in porous mineral earth 
called keiselguhr also called 
dictoinaceous earth. It can be 
safely handled 

(vi) Some recent explosives arc 
‘ telryl’ and ‘cyclonite’. 

5. Explosives are used in mining, 
blasting and ammunition industry. 

E. Fuels are oui chief source of energy for 

domestic and industrial purposes. 

1. Fuels may be solids, liquids or 
gases: wood, charcoal, coal, 
petroleum, natural gas, coal gas, 
water gas, producer gas, alcohols 
and atomic fuels are common 
examples. 

2. Petroleum is a complex mixture of 
hydrocarbons. It contains avia¬ 
tion spirit, naptha, petrol, kerosine, 
grease, diesel oils, paraffin wax, 
etc, 

3. By fractional distillation the various 
products are separated at different 
temperatures. 

4. Heavier fractions of petroleum can 
be broken up into lighter or more 
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volatile fractions to make them 
more useful as fuels. This is 
called ‘cracking’. (Use of anti¬ 
knocks and octane value.) 

5. Gaseous fuels are acetylene, coal 
gas, producer gas, burshane, etc. 

F. Alloys aie metallic mixtures oi combinations 

containing two or more metals. 

1. Properties of alloys are usually 
intermediate between those of 
constituent metals but sometimes 
one or more property is manifested 
in greater degree than others. 

2. By sufficient experimentation, an 
alloy with any desirable combi¬ 
nation of chaiaclcristics may be 
produced. 

3. Some modern alloys with special 
properties are: 

Bearing alloys, stainles steel 
tungsten alloy, titamin corro¬ 
sion resisting alloys, low expan¬ 
sion alloys, magnetic alloys, 
thermocouple alloys, high 
temperatuie alloys, die cast¬ 
ing alloys. 


G. Photography is the chemical process of the 
foimation of an image on the photographic 
plate. 

1. Image formation in a camera 
needs a lens, screen and the 
shutter. 

2. Image is focussed sharply on the 
screen by adjusting the distance of 
the lens fiom screen, and the dia- 
phiagm in the shutter regulates the 
light. 

3. Silver halides undeigo reduction 
on exposure to light. 

4. On a photogiaphic. film, colloidal 
silver bromide suspended m gelatin 
is affected by lighL to form an 
invisible or latent image. 

5. The latent image is developed by 
treating the film with a suitable 
reducing agent or developer (metol 
or hydroquinone or pyrogallol, 
etc.) which causes black metallic 
silver to form in the gelatin. 

[To be continued) 
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Around the Research Laboratories in India 

Central Glass and Ceramic 
Research Institute 


T HE Central Glass and Ceramic 
Research Institute, Calcutta, was 
established in August 1950. 

The mam objectives of the Institute are: 

1. Fundamental research having a 
bearing on different branches of 
glass and cciamics. 

2. Standardization, and testing. 

3. General technical assistance to 
industry. 

2. Dissemination of technical infor¬ 
mation. 

5. Training of personnel for special 
work. 


The main subjects of research at the 
Institute arc glass, pottery, refractones 
and vitteous enamel. 

mOGRAMME OF WORK 

During the period of its existence, the 
Institute has given priority to problems 
having a direct bearing on industrial needs 
Its policy has been to concentrate efforts 
on a few projects and complete the investi¬ 
gations within a reasonable period, rather 
than spread its activities over a wide 
field. In following the above policy, the 
need for pursuing fundamental research 
which must be one of the aims of any 
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research laboratory has been fully kept 
m view 

Problems concerning the indushy as 
whole are investigated fee of chaigc The 
findings me made available to the industry 
and the public thiough discussions and 
publications. Where, however, an indivi¬ 
dual party submits a problem that requites 
special investigation, a icasnnable charge 
is made to cover a pait of the expenses 
borne by the Institute. General enqui¬ 
ries regarding information on (he avail¬ 
ability of raw materials, equipment, pro¬ 
cesses, etc., aie attended to fiee of cost. 

Full opportunity is piovidcd to mcnrbeis 
of the industiy to discuss their problems— 
such as the design of equipment and 
layouts—with the technical staff of the 
Institute. These discussions are kept c on- 
fidcntial. 

SOME OF THE IMPORTANT 
INVESTIGATIONS 

Raw Materials 

Although Indian taw materials aie 
being utilized in the glass and ceramic 
industries for a fairly long time, precise 
and detailed information on the above 
has not been available, 

Survey and assessment of law materials 
for the glass and ceramic industries 
forms an important item in the pro¬ 
gramme of the Institute’s activities. 
The raw materials of particular iuteicst 
are : sands and sandstones, quartz, 
talcs, kyanitc, pyrophillitcs, sillimanitc, 
nepheline cyanilc, Fuller’s earth, bauxite, 
zircons, chromites, limestones, dolomites, 
magnesite, graphite, gypsum, vermt- 
culite, diaspore, diatomitc, clays. 

Sands, quartz and felspars : It lias 
been observed that several sands could 


be impiovcd by simple sieving and 
washing. The mipiovement is spectacu¬ 
lar m Tinvanrotc sands containing 
ilmemte, whose picsence, in view of the 
high non and titanium contents, would 
otherwise tender them unsuitable for 
glass making. Abundant supplies of 
glass sands arc available m piaclically 
every Stale. The quaiU in some areas 
is so pure that it has attiacted the 
attention of manufacturers of special 
optical glasses even in olhei countries. 
The Institute is well-equipped with 
appliances lor the bcneficiation of glass 
sands. Dcmonstiations of ihc techniques 
aie often ananged for the benefit of the 
industiy. 

Clays. Investigations on the country’s 
day deposits have been m piogrcss for 
the last about ten yems, in collaboration 
with the Geological survey of India, 
and latently with the co-apciadoii of 
the Indian Bureau of Mines and the 
Geological Departments of some of the 
StaLcs. These departments look after 
the field part of the work e.g., collection 
of samples, assessment of the extent of 
deposits, and liansport facilities. The 
Institute examines the samples in detail 
for their properties and beneficiation, 
with special rcfeicncc to their utilization 
in the industry. 

The results of preliminary examination 
of several samples of days have been pub¬ 
lished as a monograph on ‘Indian Clays’ 
(Part I & Pail II). The Institute has set 
up an experimental unit for washing of 
clays. Samples of days arc regularly ex¬ 
amined for their washing characteristics 
particularly to determine the available 
quantity of fine-grained clay. The 
washed material is examined for physical 
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Fig 2 An Expei iment Syiup for Washing Clays 


propci lies, such as plasticity, water of 
plasticity, diying slninkagc, cliy strength- 
forming characlcii,slits, filing uuigc, 
flung behaviour and in eel piopertics 
like colour on firing, firing slmnkagc, 
etc 

Suitable ball clays have so far not been 
located in the country and what are 
actually used in many places arc a little 
more plastic clays. In ordet, to assist 
the industry in this regard, investigations 
were undertaken to examine if by some 
method the plastic clays available in 
the countiy could serve the same purpose. 
The results have been published for tire 
benefit of the mdustiy. 

Recently due to the very rapid ex¬ 
pansion of the refractories industry, 
bulk samples of several lire clays received 
from private parties and government 
organisations have been examined for 
their suitability for the nianufactmc of 
refractories, and in some cases composi¬ 
tions suitable for manufacturing opera¬ 
tions were worked out for their industrial 
utilization. 

Talc , Talc is extensively used in 
making a variety of ceramic articles. 


India possesses abundant resources of high 
grade talcs comparable in piopertics to 
those available in other countiies. As a 
result of investigations, it was found that 
steatite insulators with very low dielectric 
loss could he developed out of Indian talcs. 

Standardisation 

The value of standaid specifications 
lor attaining efficiency in manufacture 
and in improving and maintaining 
quality of products is well known. Their 
formulation requires detailed basic 
information on the performance of the 
raw materials and finished goods in 
actual use. Vciy little inhumation was 
available in this regard, and the Institute 
undertook extensive laboratoiy investi¬ 
gations on the basis of which the Indian 
Su ndarcls Institution has prepared 
scvcial standards. In addition, the 
woik has been helpful in the analysis 
of the problems of the industiy particular¬ 
ly the defects in the pioducts. Some of 
the items on which the investigations 
were undei taken are : limestones suitable 
l’or the glass industry, penicillin vials, 
ampoules, sheet glass, laboratory glass¬ 
ware, railway signal glasses, liquid gold, 
wall tiles, file clay 1 efractones, porcelain 
articles, stoneware, earthenware, dinner- 
ware, etc. In addition, some alternative 
tests were suggested, for instance, for the 
durability test of glasses and for the panel 
spalling test for refractones. The former 
lias already been accepted for the Indian 
standards. A detailed comparative 
study was also conducted on test'ng 
methods used m several countries of the 
woild for the evaluation of refractories. 

Improvement in Quality 

Glass containers : A wide variety 
of glass containers, constituting about 
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40 per cent of the total production of 
glassware worth about four crorcs of 
rupees, is used in the chemical, 
pharmaceutical, fruit preservation, soft 
and alcholic drinks, dairy, cosmetic 
and other industries which have 
expanded very lapiclly during the last 
decade Containers of mfmor quality 
aic detrimental to the interests of usei 
trades and ultimately to the consumers. 
Complaints ftom consumers on the lonet 
peifounance of some of the local products 
were investigated in detail. With the 
co-operation of pioduccrs and consumers, 
glass compositions suitable for the 
manufacture of glass containers for inks, 
distilled water, phaimaccutical products, 
mineral water, milk and preserved fr nils, 
bear and gripe water have been worked 
out and these have been formulated so 
as to involve piaitically no change in 
manufacturing operations, thus avoid¬ 
ing interruption in the production 
schedule. Methods of testing the quality 
of containers befoic use, which are- 
necessary to consumer industries m 
selecting suitable containcis, have also 
been worked out. The results aic being 
used by the industiy and few complaints 
are now received from the consuming 
industries about the quality of glass 
containers. As a result of these 
investigations the import of glass bottles 
has been reduced considerably The 
average annual imports during the period 
1950-54 were more, than 13 lakhs of 
lupccs while during 1955-59 they weic 
reduced to about 6 lakhs of rupees per 
year. 

Saggars : In the pottery industry, 
saggars arc used as containers for firing 
articles in the kilns. They are used over 
and over again, and consequently the 


cost of production ol potteryware is 
appreciably influenced by the life of the 
saggars. It was learnt fiom the factories 
that the life ol the saggars used by them 
was about fi to (1 firings as against 20 to 
24 obtaining m other countries, 
Compositions and technique of making 
durable saggars were worked out. 
Sei vice liials conducted in the factories 
showed that the improved saggars could 
withstand 1 8 lo 30 firings, Some of the 
factories have utilized these lcsults which 
have been published. 

On. l’Kissuar, lamp iu-piiactory hol- 
ni.R.s: The mantles of oil-piessuic lamps 
are held by refractory holders, most of 
which weic till now imported. In the 
past, attempts topiocluccthe.se holders m 
India were not altogether successful. 
Investigations were, thcieforc, taken up 
at the Institute and lamp holders were 
produced using indigenous law moteiials, 
comparable in performance with that 
of the best imported articles, 

Pi.As’ii'R op Paris : Plaster of Paris is 
an essential material for making moulds 
in which the ceramic articles aic formed. 
Plaster.-, with vaiying properties are 
required for different purposes, Most 
of the factories produce their own 
plasters, but there was the problem of 
pioducmg good plaster of uniform 
quality. Aftei detailed investigations 
the Institute woiked out the conditions 
for making good quality plaster of 
different types, e.g., for casting moulds, 
for jigger and jolley moulds, for high 
strength pressure moulds, etc. One of 
the processes was tried on a pilot scale 
at the Institute and some factories 
started manufacturing Plaster of Paiis 
by utilizing the process developed at the 
Institute. 
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Glass Moulds : Glass moulds, usually 
made of mclal, ate an essential rcqunc- 
mentoftlic glass industry and the quality 
and performance of the moulds determines 
to an appreciable extent the finish and 
cost of the glassware These moulds arc. 
generally supplied by small foundries and 
their quality is rather poor. Laboratoiy 
investigations undertaken at the Inst'tute 
for determining the. conditions of produc¬ 
ing moulds of better quality have been 
completed and moulds made accordingly 
gave satisfacLoiy performance when 
tested under actual operating conditions 
in some of the local glass factories The 
utilization of this process, however, 
presents a special pioblem, since in 
majority of the cases, the woikshops 
attached to the glass factories or other 
foundries arc not usually fitted lor mak¬ 
ing the special moulds. 

Refractories ; (a) Steel plant nftac- 

tories : In view of the expansion of the 
steel industry, the Institute was called 
upon to undertake a wide variety 
of investigations on the examination of 
raw materials, and comparison of the 
performance of Indian rcfiactory 
products against specifications in 
practice in the USSR, Britain and 
Germany, the countries which are 
collaborating in establishing steel plants 
in the country, with a view to facilitat¬ 
ing the use of indigenous products m 
these plants. Investigations were 
carried out on improving the quality of 
fire clay and silica biicks and blast furnace 
refractories. 

(b) Fue clay refractories'. In India 
bauxite is used in the manufacture of 
high heat duty fire clay refractories from 
low alumina fire clays. It was often 
reported that although the chemical 


composition of such refractories was 
normal, their performance as a refractory 
was not very satisfactory, This was 
investigated in detail and the causes for 
the pool pcrfoimance weic established. 
The results have been utilized in the 
industry. 



Fig 3. Furnace for filing of special lcfiactories 
developed in die Institute 


A piocess lias been developed for 
improving the quality of fire clay re¬ 
fractories by the addition of suitable 
mineralisers. According to this method 
the use of bauxite can be eliminated, 
thereby reducing the cost of such re¬ 
fractories. Also, low alumina clays can 
be used in the manufacture of high heat 
duly fire clay refractories with properties 
better than the usual commercial products 
made with the addition of bauxite. 

Investigations have also been carried 
out on the utilization of high alumina 
non-plastic clays, hitherto not much used, 
in the manufacture of super duty fire 
clay refractories suitable for blast furnaces 
and glass melting tank furnaces. 
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(c) Spinel type tejiactones ' Investi¬ 
gations were can led out to determine 
the optimum conditions for addition of 
magnesite to bauxite to manufacture 
spinel type of refractories which might 
be suitable for use in the eons true t ion of 
rotary kilns fen cement. It is learnt that 
such bricks are used m Japan in open 
hearth furnace roofs in place of clnome. 
magnesite refractories, 

(d) Chrome-alumina refactories : An 
investigation was taken up to see if 
chrome-alumina refractories could be 
developed horn indigenous bauxite and 
chromite so that the same might be used 
in place ol chroinc-magnesitc refractories 
Some laboratory dials have been made 
and work is being continued. 

(c) High alumina refractories There 
is some demand in the counliy for high 
alumina (75%) refractories hut these 
are not so lar made in the country. Labo¬ 
ratory investigations have been com¬ 
pleted on the possibility of manufactu¬ 
ring such refractories mainly fiom indi¬ 
genous bauxite. 

(f) Hot face insulation lefiactones • 
Hot face insulation refractories serve 
the dual purpose of an insulating mate¬ 
rial preventing heat loss from the furnace 
as well as a high temperature lefraclory 
which can be exposed to temperature of 
the order of 1500° or more. One or 
two firms in India manufacture such 
refractories in limited quantities hut their 
scope is restricted. 

A process has been developed at the 
Institute for the manufacture of hot face 
insulating bricks from kyanite. The 
properties of these bricks are similar to 
imported ones. The process has been 
utilized in setting up a new factory for 


production of hot face insulation refiac- 
lones. 

Impkovi mi k r in locomoyive head 
lights- The Indian Railway Board re¬ 
quested the Institute to examine the possi¬ 
bility of reducing the spiead of light from 
tile locomotive headlights so as to ensure 
heller illumination of uni tracks, either 
by changing the redcctois 01 by providing 
a system of lenses. A fairly simple and 
inexpensive method which would not 
involve any change in tlic picsent assembly 
of fittings, lias been worked out by 
designing a special bulb as the source of 
light. On tiials conducted in the work¬ 
shops of the Eastern Railway at Jamalpur, 
it was found that at a distance of 1000 feet 
the intensity ol illumination increased to 
0.7 foot candle fiom the present maximum 
of 0,25, and at 1500 feet it was 0.3. 
Detailed obscivalions made at different 
heights from the track, beam angle and 
distance fiom the icllcclor showed that 
almost at all stages, intensity of illumina¬ 
tion mctcascd two to lluec fold. The 
lcsults have been published. 

ApPI-ICHTION OF S 1'ATIS lTCAL METHODS 
in quality coni non; Statistical methods 
although now universally recognised as an 
important tool in maintaining and improv¬ 
ing the quality of production, have not 
been extensively used in the glass and 
ceramic industries. One of the allegations 
levelled against the manufacturer of glass 
container employing lmnd-opcralcd 
forming machines was that the variations 
in size and capacity of the containers were 
too wide for successful operation of 
automatic filling machines. As a result 
of statistical studies it was established that 
uniformity in weight and capacity of the 
containers could be maintained with the 
existing equipment and facilities by 



CENTRAL GLASS AND CERAMIC RESEARCH INSTITUTE 


261 


exeirising better supervision on the ope¬ 
rations and by employing quality contiol 
charts. 

The technique was also utilized to con¬ 
trol some of the important properties of 
heat insulating bucks made fioni waste 
mica, namely poiosity, bulk density and 
crushing strength—factors which me 
important in determining usefulness in 
actual perfoimancc. It was shown that 
quality level could be maintained above 
the consumers’ specification limits. 

Evaluation of some of the impoitant 
properties of glass containers and reiamic 
wall tiles, produced by difieicnt manu¬ 
facturers was also undertaken. 

SUBSTITUTES OF IMPORTED AND 
SCARCE RAW MATERIA I S 

One of the impoitant fields of activity 
in the piogiamme of the Institute is 
concerned with the finding out of substi¬ 
tutes for law materials essential to ceramic 
industries. Amongst such imported raw 
materials, borax, antimony oxide, tin oxide, 
cobalt oxide, selenium, vcnniculue, soda 
ash may be specially mentioned. Apart 
from the success that has been achieved in 
replacing some of these the progress of work 
has led to some important fundamental 
scientific investigations. 

Borax 

Borax is used as a flux in vitreous ena¬ 
melling, glass and pottery industry. 

(a) Boron-free vitreous enamels. The 
annual production of vitreous enamelling 
indusLry is valued at about two crorcs of 
rupees. It has a fairly wide range of 
production which includes articles used 
as advertisement signboards and informa¬ 
tion panels, and also as hospital and 
household utensils by an appreciable sec¬ 
tion of the population. One of the main 


ingiedients of vitreous enamels is borax, 
for which no suitable source has so far 
been located in the country. The 
indusliy is, thcrcfoie, entirely dependent 
on imported borax. The Institute has 
woiked out enamel compositions free 
fiom boiax and any other boron compound 
by utilizing indigenous law materials. 
Extensive trials in enamelling factories 
have shown that the peiformance of 
boi on-free enamels is equal to that of the 
boron enamels 

No change or modification in the exis¬ 
ting industrial practice is necessitated 
by the introduction of these enamels. 
Apart from an annual saving of about 
5 to 6 lakhs of rupees by way of foreign 
exchange and assisting the utilization of 
indigenous resources, the industry will 
become independent of imports of borax. 
The work is covered under patents and 
the process has already been leased out 
to a firm m India for commercial utiliza¬ 
tion. 

(b) BoRON-nu?ii glazes : Lead oxide 
and borax are main ingredients of glazes 
used in the manufacture of earthenware, 
Of these, lead oxide is manufactured in 
the country. An investigation has been 
undertaken to develop suitable earthen¬ 
ware glaze compositions without the use 
of boron compounds. 

Antimony Oxide 

Antimony oxide is an imported mateiial 
which is used in white enamel as an 
opacificr. The Institute has developed 
antimony-free white enamel both of 
the boron-free as well as boron-bearing 
types. In addition, the colour of the anti¬ 
mony-free enamels is almost neutral 
to bluish white and no special colour 
stabilizers like phosphate, etc., used with 
other usual enamels are necessary for 
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avoiding yellowish discoloration These 
enamels have been successfully tued undci 
factory conditions and waics coated with 
them have been maikcted in limited 
quantities. The pioccss is ready foi 
commercial utilisation. 

Cob all Oxide 

In giound coat enamels cobalt oxide 
has so far been considered essential for 
developing the necessary adhcicncc bet¬ 
ween the enamel and the iron. Cobalt 
oxide is an imported material and is also 
quite costly. The cobalt-hee enamels 
developed at the Institute have pioved to 
be quite satisfacloiy and show adherence 
comparable to that of the cobalt beaiing 
compositions. These enamels have pioved 
successful in performance undci factory 
conditions and some articles manufne- 
tuied by using cobalt-free giound coal 
enamels have also been maikcted. 

Selenium 

(a) Red glass dangles : One of the 
biggest cottage industries in the country 
is the glass bangle iridustiy concentrated 
at Firozabad (situated about 20 miles 
from Agra in Uttar Pradesh). It provides, 
in one way or the other employment and 
livelihood to some seventy thousand 
people. The total annual production 
of glass bangles is valued at three to four 
crores of rupees. Red bangles are parti¬ 
cularly popular and constitute about 50 
per cent of the total production. Selenium 
is employed as the colorant. In view of 
the world shortage of selenium, the 
industry faced great hardships. The 
price of selenium in Firozabad had risen 
as high as Rs. 300 per pound compared 
to the pre-war price of Rs 8 per pound. 
At times it was not available even at that 
price. 


The total amount of selenium used at 
Firozabad is valued annually at about 
15 lakhs of rupees To lelicvc this im¬ 
pel tant cottage industiy of its dependence 
on imports, the institute conducted detai¬ 
led investigations to eliminate the use of 
selenium. Intensive Uials conducted 
and dcmonstuiiion given at Fuozabad, 
in which local aitisans and equipment 
were employed, pioved quite successful 
for producing most of the red bangles 
without the use of selenium. 

(b) Ri v> S'<;n u. gt \ssrs ■ Selenium is 
also used for matiufaclining led signal 
glasses used in railways, road and air 
liafiic control. The Institute has deve¬ 
loped piocesses for producing such glasses 
without the use of selenium. On a com¬ 
pel ative study, these signals were found 
suli.slac.toiy in pcifouuancc when used 
in railway yards. The (pic, stum of their 
ollicial adoption by the Indian Railways 
is under consideration. 

(c) Con .r.KVATK IN OF SI.11NIUM FOR 
decolorising glass : besides being a red 
colouiing agent, selenium is also used 
as a decoloiismg agent in the manufac¬ 
ture of colouiless glass waie. The 
quantity of selenium impelled for this 
purpose is quite substantial. 

Soda Asli 

Most of the soda ash required in 
glass manufacture in India is imported. 
Duo Lo inadequate supplies of this 
material, several glass lactoiies have 
sometimes had to curtail production 

The Institute was asked lo investigate 
the possibility of substituting soda ash 
by saheake available in Didwana, 
Rajasthan, where an annual pioduction 
of about 7,500 to 8,000 tons was estimated. 
It was found that in some types of glass- 
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waie (such as amber glass), natuial salt- 
cake as such without refining could 
leplace soda ash up to 25 per cent. In 
the production of amber glasses, saltcahe 
should be utilized even otheiwisc, since 
it eliminates the use of linpmlcd sulphur 
also. By using saltcakc, the cost ol pro¬ 
duction of amber bottles is redui cd. It was 
latei found out that the natural saltcakc 
would not be available in sufficient 
quantities and could not be spared for 
the glass industry. 

INVESTIGATIONS INTO THE IROLUOTTON 
OE IMPORTED ART ICLES 

In spite of the appieciablc expansion 
of glass and ceiamic industries after World 
War II, quite a number of articles of 
varied natuic are still imported. In 
addition to finding out substitutes for 
impoitcd raw mateiials an impoitant 
activity of the Institute is to investigate 
the possibility of manufacturing such 
articles in the country from local raw 
materials. 

Signal Glasses 

Several types of signal glasses are used 
on railways and in road and air traffic 
control. Although imports were not 
very large, signal glasses are essential 
items and their pioduction within the 
country was of vital importance. The 
Institute has worked out processes for 
manufacturing them by utilizing indige¬ 
nous raw mateiials as for as possible. 
Extensive trials conducted in railway 
yards, have shown that the glasses arc 
satisfactory. Some manufacturers are 
already producing them. 

Sun Glasses (goggles) 

Sun glasses are important for a tropical 
country like India, and these are imported 


in large quantities. The essential require¬ 
ment of the glasses is that they should cut 
off the uUra-violel and infra-red portions 
of the specimen, which are injurious to 
the eye, and should leduce transmission 
m the visible region only to the extent 
of preventing glaie. 

About a dozen brands of imported sun 
glasses, available in the market, were 
examined. Seveial of these were found 
to he unsuitable for Indian conditions 
due paiticulaily to their inability to 
absorb beat 1 ays effectively. AfLer detailed 
investigations, compositions for making 
these glasses, which will meet most of the 
lcquircmenls expecled of a good sun 
glass under Indian conditions, were 
worked out at the Institute, However, 
then production has not so far been under¬ 
taken m the country. 

Eye P>elective Classes Used in Welding 
Operations 

In welding opetations protective glasses 
are essential for the eyes. These glasses 
are wholly impoitcd and although the 
volume of import is worth only about 
two lakhs of rupees per year, the require¬ 
ment is essential. The Institute has 
developed glass compositions suitable for 
producing them. One of the big consu¬ 
mers m India is trying to get them made 
according to the Institute’s findings. 

Chemical Poicelam 

The Institute has successfully worked 
out processes for manufacturing chemical 
porcelain such as crucibles, dishes, funnels 
etc,, used in research laboiatories from 
indigenous raw materials. These were 
tested m several chemical laboratories and 
were found to compare favourably with 
some of the best imported articles. 
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The cost of production according to 
the Institute’s pioecss is expected to he 
lower than that of the imported pioducts. 

Dental Ponelain 

Artificial teeth worth sevcial lakhs 
of rupees are annually imported into the 
country. They aie made hum pmeelain 
and plastics, hut because of the superior 
abrasion resistance and durability, the 
porcelain teeth are preferred. Investiga¬ 
tions on production of these wcic undci- 
taken and the samples produced have 
been found to be satisfactory with regard 
to abrasion, translucency, thcinial shock, 
resistance to acids and colour by the 
dental profession in India. 

Porcelain Pails of Automobile Spmk Plugs 
Spark plug forms an essential part of 
the automobile engines. About 1,500,000 
spark plugs are imported annually. 
There aie two firms in the country who 
make the metal pails locally and assem¬ 
ble the finished spaik plug by using 
imported porcelain parts. It was 
desired by the Tariff Commission that 
efforts should be made to make the 
porcelain insulatoi in the countiy, 
A few hundred spark plugs made at the 
Institute were subjeetd to performance 
trials which proved satisfactory for tile 
type of automobiles used in the country. 

Enamal Coaled Resistois 

A wide varicy of resistors, coaled with 
vitreous enamels arc used in electrical 
industries. These were so far either 
imported or were manufactured by coat¬ 
ing locally made resistors with imported 
enamel. 

Investigations were taken up to work 
out enamel compositions suitable for 
coating resistors, Suitable compositions 


wcic developed possessing the necessary 
thcnnal shock lcsistance and other 
essential pioperlics. 

Cappc i Enamel s 

The Institute has successfully deve¬ 
loped processes for enamelling copper 
metal for making dials (telephone dials, 
water-meter dials). 

Pink Enamels 

Investigations were undertaken on the 
pioblem of pioducing pink coloured 
enatnds so fin made by using gold pink, 
chrome-tin pink, or selenium-cadmium 
)iink stains which were veiy costly and had 
to be impelled. A process was success¬ 
fully developed for producing low cost 
pink enamels without the use of the 
above ingredients, 

White Enamel Em Dace! Application on 
Steel 

Investigations have been in progress to 
obtain white vitreous enamels which can 
be directly applied on steel so as to 
eliminate the use of giound coal enamels 
and to effect economy in the cost of 
production and conservation of materials. 
A number of white enamel compositions 
as well as the techniques of metal treat¬ 
ment so as to lcccive the enamel directly 
have been evolved which have given 
piomising results. The suifacc of the 
enamelled articles is faitly glossy and is 
Tree from pin holes, and possesses 
adheicnec comparable to commercial 
ground coal enamels. 

Enamel stains are essential for 
making coloured enamels and have so 
far been enLirely imported. Their 
annual consumption has been estimated to 
be worth about rupees 10 lakhs 
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Investigations were carried out for 
pioducing these stains by using indigen¬ 
ous taw materials as far as possible, 
Manufacturing details of aboui 20 
enamel stains have been woiked out. 

In addition, investigations have been 
in piogress on jewellery enamels, acid 
resisting enamels, and cast iron enamels. 

INVESTIGATION ON THE PRODUCTION 
OF NEW ITEMS OF SPECIAL UoE 

Foam Glass . Foam glass is a unique, light¬ 
weight thermal insulating matenal. It is 
essentially glass expanded about twelve to 
fifteen times with a multitude of non-com¬ 
municating cells, resembling more 01 less 
the stiuctuie of a honeycomb. It combi¬ 
nes rigidity and moderate strength with 
lightness and high thermal insulating 
efficiency. Being fire and iot-pioof and 
impel vious to moisture and vapours, foam 
glass docs not, unlike coik and many 
other insulating materials, deteriorate 
duiing use. 

Foam glass is being manufactured in 
USA, USSR, and a fqw other countries 
where the details of the processes are closely 
guarded secrets. The product is extensi¬ 
vely used in the building, air-conditioning 
and cold stoiage industries, as well as for 
insulating hot and cold pipes and tanks, 
used in the chemical and such other indus¬ 
tries. The use of foam glass contributes 
to indoor comfort and in modern buil¬ 
dings to a substantial reduction in the 
costs of heating or air-conditioning. 

Because of the importance of foam glass 
in a tropical country like India, the Insti¬ 
tute had undertaken investigations on the 
problem. The processes for its production 
have been worked out successfully and 
have undergone pilot trials. India’s re¬ 
quirements of such materials, including 


cork slabs, glass wool and expanded 
plastics are quite large and at present 
all of them have to be impoitcd. For 
instance, the imports of coik slabs alone, 
during 1955-56, were valued at nearly 
50 lakh rupees, obtained mainly fiom 
Portugal. 

The process developed at the Institute 
is covered under patents and has been 
leased to a film in India for commercial 
utilization. 

UTILIZATION OF WASTE MATERIALS 
Mica 

FIeat-insulating mica bricks . In the 
production of mica about 15 per cent is 
recoverable as saleable material; the rest 
is considered as waste. In the course 
of years, this has resulted in huge accumu¬ 
lation of waste mica in the fields. To 
assist the country to find uses for waste 
mica, the Institute has worked out pro¬ 
cesses for making heat-insulating materials 
extensively used m industrial furnaces 
and other installations. Hitherto these 
heat insulating matciials were being pro¬ 
duced mostly from vermiculitc, which 
was impoitcd into the country piincipally 
from Canada, USA and South Africa. 
Trials on industrial furnaces have confir¬ 
med that the perfoi mance of mica products 
developed at the Institute is comparable 
with that of veimicuhte bricks. 

By utilizing the Institute’s process two 
factories, one at Blnlwara (Rajasthan) 
and the other at Clianch (Bihar) have 
started producing and about four to five 
lakh bricks have already been supplied 
to the Bhilai Steel Project as a substitute 
for diatomite bricks This work apart 
from saving foreign exchange on the import 
of these materials and on vermiculite, 
has given rise to an entirely new industry 
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Fig 4, Section of the Institute engaged in leseaicli on the utilisation ufuasle nnta. 


in flic countty and will provide incicased 
employment. 

Wet grinding of mica ; The wet 
grinding of mica is a special process by 
which mica is reduced to a fine powdet 
without losing its gloss and other important 
properties. It is manufacluicd in USA, 
England and a few other countries where 
the details of the process are closely 
guarded secrets. The product is exten¬ 
sively used in the paint, rubber and wall 
paper industry. The Institute had under¬ 
taken investigations on the problem and 
has been successful in developing a process. 

Samples of wet ground mica have been 
tested extensively by tlie paint and rubber 
industry in India, One rubber manu¬ 
facturer has been obtaining the material 
from the Institute’s pilot plant and a 
few foreign parties have also expressed 
their interest for exporting the product. 


(c) Mica in pain'i s : Investigations were 
undei taken on the utilisation of mica 
powder in manufacturing various types 
of paints. Paints incorporating mica 
have generally shown belLcr corrosion 
and heat and abrasion resistance and have 
longer life. 

Assam Sillimanite 

Massive bouldeis of sillimanite occui- 
ring in Assam are, after being sawn into 
blocks and othci shapes, used in the cons¬ 
truction of glass melting furnances. 
During Lhe process of sawing a substantial 
amount of line material is obtained 

Investigations were carried out to utilize 
this material and processes were developed 
to manufacture glass house refractories 
from it. Further, it has also been success¬ 
fully employed in place of kyanite in 
making good saggars. Kyanite has to 
be calcined at the high temperature prior 
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to use and fot want of such kilns several 
pottery factories could not utilize the 
woik done at the Institute on saggars 
■where kyanile was to be used. 

FUNDAMIiNTAI. RESEARCH 

The selection of problems for funda¬ 
mental reseat ch has been generally con¬ 
fined to those having a bearing on the 
glass and cetarnic science and technology. 

In the field of glass, the investigations 
have been concerned with the origin 
of coloui in glasses coloured by selenium, 
copper, manganese and vanadium; the 
fields of glass formation and development 
of new compositions and a study of the 
chemical, physical and clcctncal proper¬ 
ties of the resulting glasses; and the ther¬ 
mal expansion of glasses. 

It is generally believed that the origin 
of colour in copper-red glasses is due to 
the colloidal particles of metallic copper, 
The woik that was done at the Institute 
on the production of copper-red coloui s 
led to several observations which could 
not be explained on the basis of the above 
view. On a detailed study of the available 
literature and of the experimental 
results obtained, it has been postulated 
that the colour in such glasses might 
possibly be due to the absorption by 
particles of cupious oxide of colloidal 
dimensions which aic themselves red in 
colour. By applying X-ray methods and 
by studying transmission in visible region, 
considerable experimental evidence has 
been collected in support of this view 
By actually preparing colloidal cuprous 
oxide, hitherto considered difficult, and 
by examining the nature of the colloidal 
particles further support has been added 
to the proposed mechanism of the colour 
formation. Some recent publications on the 


origin of colour of some ancient glasses 
also seem to support the newly proposed 
mechanism. In this study it has also 
been observed that the supposedly feeble 
colouring power of the cupric ion piesent 
in glasses, is fairly high. The belief that 
for the production of copper iuby glasses, 
the presence of tin was essential has not 
been found to be correct since bright cop¬ 
per red glasses have been obtained with¬ 
out incoiporating tin in the glass batch. 

Detailed spectrophotometiic and 
magnetic studies on glasses containing 
colouring metal ions, Ti 3+ , V 3+ , Cli 3+ , 
Mn 3+ , Fc 3+ , Fe 2+ , Co 2+ , and Cu 2+ , 
were carried out. On the basis of the 
results obtained, ideas on the origin of 
colour in relation to composition and 
structUie of glass have been developed. 
Mcasuicments of paramagnetic suscepti¬ 
bility of some of the glasses containing 
these ions were cairied out and oxidation- 
reduction equilibrium m the glasses was 
studied. 

Absorption characteristics of photo- 
oxidised Mn 3+ and photo-reduced V 2+ 
ions as determined on solarised glasses 
were observed to be different from those 
of normal ions and the results have been 
explained in the light of the ligand field 
theory 

Investigations on the fields of glass 
formation have been carried out by the 
introduction of titanium oxide in the 
Na 2 O-Ca0-SiO a system and properties 
such as durability, viscosity, surface 
tension, thermal expansion and softening 
point of the glasses obtained, have been 
determined. 

Glasses were prepared in the systems 
containing PbO, Al 2 O a , P z 0 6 and B z 0 3 . 
Interesting combinations of different 
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Fig. 5. Oplic.il glass pieces being taken nut 
of the furnace aflei line annealing. 


lcfiactory lubes and plates, combustion 
boats, glass elcctiodcs for pH meters 
enamel stains, and ceramic colours for 
deem alum of potlciy wares. The supplies 
of tlu-se wen; mostly met fiom imports. 
While engaged m investigations on exam¬ 
ining the possibility of manufacturing 
impmtrd articles in the country, the 
Institute had worked out methods for 
piodunug scveutl of these but then total 
demand in the country was not large 
enough to induce somebody to undeitake 
their production However, they were 
indispensable to scientific institutions, 
technical laboratoiics and industry and 
ioi want of timely supplies work had often 
sud'eied. In ordet to render assistance 
in tins regard, the Institute had been 
supplying these ai tides to a limited extent. 
Bui the icquesis I'm supplies increased 
considerably and in order to extend the 
scope of this service the Council of Scienti¬ 
fic and Indusliial Research have sanc¬ 
tioned a sdiemo for their tegular produc¬ 
tion at the Institute It may be men¬ 
tioned that this activity will be in the 
nature of assistance. In fact, as soon 
as nianulacluic of any of the items is 
taken tip by a firm m the country, that 
item will be dropped from the scheme. 
A stall has already been made for the 
pioduction of the above items at the 
Institute 

TF.CIIMC! \I. ASSISTANCE RENDERED 

During the period 1954-G3, assistance 
was mulcted in about live thousand 
eases covciing a wide range not only 
of subjects bill even catcgoiics, such 
as information regarding the availability 
and suitability of raw materials, installa¬ 
tion of equipment and furnaces, improve¬ 
ment in quality, operational difficulties, 
examination of finished products, com- 


Delhi, Physics Department of the Delhi 
Univetsity, and the Ordnance Establish¬ 
ment of the Ministry of Defence, Dchra 
Dun, the latter being the biggest cmisumci 
in the countty, and were found to he 
satisfactory in all lcspccts 

In view ol the successful pilot plant work 
without any collaboration of the. foreign 
manufacturing firms, the Government of 
India decided that optical glass should be 
produced at the Institute. Accordingly, a 
commercial plant with an annual capa¬ 
city of about ten tons which will more 
than meet the present icquirement of 
the country has been pul up at the 
Institute. The essential equipment and 
furnaces were designed and fabricated by 
the Institute. Further, opcialives had 
also to be trained, for this being an entirely 
new undertaking, no trained pci sound 
were available in the country, 

PRODUCTION OF SPECIAL GLASS AND 
CERAMIC ARTICLES 

A number of glass and cciamic articles 
are used as components of equipment or 
as accessory materials during manufacture 
of other articles, e g , pyrometer sheaths, 
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ments on designs, lay-outs, machinery, etc. 
Amongst the special investigations under¬ 
taken on behalf of the lactones, mention 
may be made of peeling of glares, shatter¬ 
ing of samtaiywatc, utilization of waste 
obtained in clay washing, special compo¬ 
sitions for stoneware bodies, appearance 
of black spots in cailhenwarc and preven¬ 
tion of stones appearing in glass melting. 

CGCRI HUILETIN 

Dissemination of information is one of 
the functions of the Institute. To per¬ 
form it ellicrently, the Institute publishes 
a quarterly scientific bulletin in which 
the results of research conducted in the 
laboratoiy are incorporated. In addi¬ 
tion, summaries of important researches 
done elsewhere arc also given. Informa¬ 
tion m regard to availability of raw 
materials and equipment, technical in¬ 
formation on processes and operations, 
statistics relating to production, exports 
and imports, and topics of current inte¬ 
rest are also included. 

During the ten years of its publication, 
the bulletin has been well received and 
is widely subscribed by the industry, 


univeisities, technical institutions and 
Government Depaitments and enjoys a 
fair circulation m other countiics, where 
its contents are selected for repiinting in 
glass and ceiamic journals. It is on 
exchange with piactically all the important 
journals of the world on the subject. 

SUMMING UP 

During the seveial years of its existence, 
the guiding principle in the industrial 
rescai eh activities of the Institute has been 
to make the country self-sufficient in 
essential raw materials and finished goods 
by impioving the quality of the existing 
production, initiating manufacture of 
hitherto imported articles, assisting in 
locating new sources of raw materials, 
finding out substitutes for essential im¬ 
ported raw materials and finished goods 
and of making the industry fully conscious 
of the application of science and scientific 
approach to the solution of industrial 
problems. In the fields of fundamental 
research it has endeavoured in accumula¬ 
ting knowledge which will help better 
understanding of some aspects of glass 
and ceramic science and technology. 
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TRAN S MI SSI BI LIT Y OF FLUID PRESSURE 


P ASCAL’S law states, that the pleasure 
cm ted anywhere in a mass of a con¬ 
fined fluid is tumsmilled by the fluid in all 
directions, so at to act with undimimshed 
force pel unit aica and at right angles to the 
surface exposed to the fluid. Thai liquids 
transmit pressure equally m all dhcclions 



rig. 1. 


according to this law can be demonstrated 
by the following simple experiment, 

Take a bottle and four glass tubes of 
equal diameters. Bend three of them as 
shown in Fig. 1. Take a rubber cork 
to fit the neck of the bottle and bore four 
holes in it. Now, inseiL the four tubes 
into the coik (if you find difficulty in 
inserting the tubes into the coik, dip 
the tubes into water and try), Fit the 
coik to the bottle which is paitly filled 
with colomcd water. Keep lluec tubes 
(the straight, the L-shapcd, and the U- 
shaped) at different levels of the liquid in 
the bottle as shown in Fig. 2. The fourth 
tube (b) which is used for blowing is 
kept with the end above the level of the 
liquid as shown in the figure. Attach a 
piece of lubber lulling to the end outside 
the bottle and fix a pmch-cock theie, 
Open the pinch-cock, blow some air into 
the bottle and close. The external 
pressure, thus exerted in the liquid by 
your blowing causes the liquid to rise in 
all the three tubes. You will observe 
tint the level of the liquid is the same in 
all the three lubes though the tubes aie 
of difi'cicnl shapes and placed at different 
levels. The purpose of making different 
shapes of the tubes is to show that the 
liquid pressure is equally transmitted in 
all directions. In the L-sliaped tube 
(a) the pressure is exerted in the horizon¬ 
tal direction: in the U-shaped tube (c) 
the pressure is exerted in the downward 
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direction and in the straight lube the 
piessure is exerted in the upwaid direction. 
Hence by pel framing such a simple experi¬ 
ment you can easily vcufy Pascal’s Law 

The practical applications of Pascal’s 
AN EXPERIMENT TOR THE STUDY 

A WATER jet coming out of a nozzle 
would follow a straight horizontal 
path in the absence of an accclcialing 
field. In actual practice, the gravitational 
field’s presence affects the shape of water 
jet. With the help of a fine nozzle and an 
arrangement to adjust the nozzle hori¬ 
zontally and at different elevations, the 
characteristics of the water jet can be 
studied against a graph background. 

A simple arrangement to set up the 
expeiimcnl is shown in Tig. 1. The 
depth ol water jet, when Us shape is 


law are apparent in pneumatic tyres, 
hydraulic jacks, hydiaulic brakes, hydrau¬ 
lic presses, pneumatic drills and air 
brakes. 

M.N, KAPOOR 

OF THE PATH OF A PROJECTILE 

maintained by regulating the flow of 
water, can be read on the graphic board 
at the points 1 , 2 , 3 and 4 lying in the 
honzontal plane containing the axis of 
the nozzle, and marked so that the distance 
between them is the same as the distance 
between the nozzle’s end and the point 
1. From the data collected with two or 
three shapes of the jets, it can be shown 
that the depths d 1( d 2 , d 3 , d 4 of the jet at 
marks 1, 2, 3 and 4 arc m the proportion 1, 
4,9 and 16 respectively. This leads to the 
conclusion that the jet's path is a paiabola. 
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By vaiying the elevation of the nozzle Y-axis of the giaplnc board must be 
as in Fig 2, it can also be shown that the made vertical using a plumb line To 
distance reached by the jet is di(fluent keep the nozzle m position, a good labo- 
for different elevations and is maximum laloiy stand with clamps for fine adjust- 
for 45°. meat will serve the puipose The flow 



Fig. 2. 


The nozzle supplied by any medical of water can be regulated by using a cons- 
store for use with enema box, if it has taut How device. 'Flic water jet can 
a uniform bore, can be used for the lie made distinct by colouring the water 
experiment A jet drawn caicfully from red and making the background green 
a glass-tubing can also sctvc the put pose, with wlnLc lines to mark the fine graph. 
The shape of the jet can be varied by A large size water hough should be used 
controlling the flow of water through the to collect the water falling in the form of 
nozzle by attaching it to a rubber tubing jet. 

having a pinch-cock arrangement. k.j. khurana 



Teaching of Biology in Eight-Year- 
and Middle Schools of U.S.S.R. 

O.N. Sazonova* 
Moscow Pedagogical Institute , Moscow 


B IOLOGY is the study of life. An 
acquaintance by the students -with 
the general laws of life processes in 
the plant and animal kingdoms, with the 
essence of life and the variotis forms in 
which it manifests itself, helps them in 
forming a scientific and realistic out¬ 
look. A correct scientific understanding 
of the phenomena of nature frees one’s 
mind of superstitions and prejudices. 

In our country special attention is 
paid to the formation of the personality 
of the future citizens. Speaking in 
general, a knowledge of biology is a must 
for every cultured civilized man. 
Obtaining this knowledge in school the 
students share it with the people at home 
and their relatives. They thus become 
agents in spreading this knowledge among 
the various strata of the population. 

At present, the giowth and develop¬ 
ment of biology in the world is very rapid. 
It is becoming more and more related to 


medicine, agricultuial sciences, forestry 
(silviculture), chemistry and even 
technology (bionics, cybernetics). Apart 
from the theoretical knowledge of inter- 
peneration of and enrichment of sciences, 
the possibility of practical application of 
the data from biology in various fields 
of agriculture (cultivation, animal 
husbandry, veterinary and so on) is very 
laige. 

One of the basic principles, in the 
teaching of biology (as is also the case 
with other subjects) in the middle school 
of U S.S.R. is relating science with life 
and preparing the students to do work 
useful to the society. The process of 
learning biology m school is closely related 
to practical work. In the middle school 
the students attain one of the industrial 
qualifications including specialization as 
animal husbandry assistant, field crop 
growing assistant, assistant in the agro¬ 
laboratory and so on, thus enabling them 


* Prof. (Mrs ) Sazonova was a member of the Unesco Planning Mission of Experts on Science 
Teaching which stayed in India from January to March 1964. 
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to be immediately absorbed into work 
useful for the society. 

Biology is taught to all students as a 
part of general education. The study 
of nature stmts from the liist year of 
schooling. The little student learns to 
observe seasonal vaiiutinns in nature, 
to compute a calendar of the phonologi¬ 
cal observations and of weather; gets to 
know the structure of ticcs and about 
the important varieties of local ttees. 
Often, the textbooks are devoted to 
descriptions of natuial phenomena, wild 
and domestic animals, and plants. The 
students gather many biological facts on 
their excursions into the field. 

In class IV, a systematic course on 
‘Natural Science’ is introduced. It serves 
as a prcpaiatoiy cotusc for a number of 
subjects belonging to the natural science 
series (biology, geography, physics, 
chemistry) and hence special attention is 
paid to it. In this course the students learn 
about plants, animals and agucullure, of 
tundra, forest, steppe and dcscit zones 
in nature; obtain their first introduction 
to the structure of human body, the 
fundamental rules of hygiene and health. 
The course on ‘Natuial Science’ is taught 
according to a special textbook. 

In the middle school a systematic study 
of a course in biology is conducted fiom 
Classes V to IX. It falls naturally 
into different divisions (which are closely 
related to one another) : botany (classes 
V-VI), Zoology (classes VI, VII), 
anatomy, physiology and hygiene of man 
(class VIII) and general biology (class 
IX). Teaching of these disciplines is in 
accordance with separate textbooks and 
manuals. In all the divisions of the 
course in biology, while stating any point, 
the close relationship between the 


questions under consideration and practi¬ 
cal activity of man, national economy 
and public health, is shown. The teach¬ 
ing of botany in classes V and VI (class 
V, 70 boms; class VI, '19liouis) acquaints 
the students with the fundamental laws 
of the structure and life of plants. 
Special attention is paid m the foimula- 
tion of basic concepts in the minds of the 
students, for instance • cellular structure 
of plants, plant organism as a single 
(harmonious) unit; individual and 
evolutional y development of plants; 
the ielation between oigamsms and the 
medium of habitation or haimony 
between an organism and the conditions 
undei which iL lives, The teaching of 
botany is done in such a way that the 
students undcistand the close relation¬ 
ship of this scicnliiic discipline with 
practical agriculture, and at the same 
time develops the skill of cultivating and 
looking after plants. It is very impoilant 
to make the student undcistand the 
biological signilk ancc of various agro- 
icehnical measures and practices. 

Zoology is taught in class VI (21 hours) 
and class VII (70 hours). A review of 
the animal kingdom is given in the 
following ascending order: invertebrate 
animals—simple Coelcnterata, worms, 
Apoda (cyhydnical, parasitic tape-worms 
and round woims) molluscs, Arthropoda, 
vertebrate animals -fishes, amphibians, 
reptiles, birds and mammals. In de¬ 
scribing the animals, special attention is 
paid to those which are most important 
in the household (insect pollinaLors, 
domestic insects, fishes, pig-husbandry, 
fur-bearing animals and so on), those 
which bring about significant damage 
to economy (insects which are harmful 
to agriculture, forestry) germs which 
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cause diseases, (malaria parasite, parasitic 
worms) and those which are carricis of 
the latter (Arthropoda—carriers of the 
germs of diseases. mites and ticks, malaria 
mosquito, true lice, flea, house flics and 
otheis). 

The process of study of zoology helps 
the students in undci standing the 
organism of animal as a harmonious 
unit, the relation between animals and 
the conditions of life, the individual 
development of animals and the evolu¬ 
tionary development of the animal king¬ 
dom on earth. One of the topics 
included for the course is the changes in 
animals, brought about by man and the 
raising of new breeds of farm animals. 

The study of zoology is also closely 
related to labour education. Practical 
experiments arc done on destroying 
insects, pests, etc., which aie haimful to 
agriculture and forcstiy; on bringing up 
rabbits, domestic biids and other animals 
taking the local conditions into considera¬ 
tion. 

The class VIII students study anatomy, 
physiology and hygiene of man (70 
hours). Tins course, besides imparting 
knowledge on the structure and func¬ 
tions of the human organism, develops 
basic hygienic habits in the pupil, which 
help in the maintenance of their health 
and conservation of energy, (In this 
division of biology the beneficial influence 
of physical labour and sports on the life 
activity of individual systems of the 
organs of man as well as on the human 
organism as a whole, is shown. The 
teaching of anatomy, physiology and 
hygiene is based on the theory of nervous 
activity, propounded by Academician I.P. 
Pavlov. Basic concepts of physiology 
are established in the minds of the 


students. An idea of exchange of 
substances as the basic property of life, 
where assimilation and dissimilation are 
the two sides of one process, is shown. 
A physiological explanation on the 
harmony of the organism which depends 
on the action of all the systems of organs, 
is given. The leading role of the nervous 
system m the establishment of harmony 
in the organism and its relation to the 
external medium (stimulus) are 
emphasized. While teaching physiology, 
the special features of the higher nervous 
activity of man is taught, paying atten¬ 
tion to tlie reflex chaiacter of nervous 
activity. Impoitance is given, to the 
establishment of intenelations between 
the structure of organs and their functions. 
In doing so, always the coi respondence 
of these lelations, their temporary evolu¬ 
tional y character, in animal organism, 
arc always emphasized. At the end of 
the coui.sc the topic ‘origin of man’ 
is studied. 

Teaching of anatomy and physiology 
of man, prepares the students for labour 
by acquainting them with knowledge of 
physical labour for the correct develop¬ 
ment of human organism, and wiLh the 
elements of physiology of labour, rules of 
hygiene and proper use of labour, in 
production. Besides, the students acquire 
the skill of giving first aid, conducting 
and organising useful gymnastics. A 
course in biology is taught as an exclusive 
division of the school course of biology 
in the class IX (78 hours). The aim of 
this course is to deepen the understand¬ 
ing of the laws of life, development of 
organisms and evolutionary develop¬ 
ments of the living world as a whole. 
A large part of the course (31 hours) is 
allotted for a deep study of general 
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piopeities of organisms. The cellular 
structure ol' multicellular mgaiiisms, the 
basic functions of their cells: nourish¬ 
ment, breathing, stimulation, giowth 
and reproduction, the basic pinups of 
unicellular organisms, nonrcllular 
organisms—the viius. The exchange 
of substances as the fundamental property 
of organism and the differences and 
similarities in the exchange of substances 
in animals and plants: relation between 
photosynthesis and refraction ■' Role 
of gicen plants in space experiments, etc., 
are studied in detail. The multiplica¬ 
tion, individual development of organs 
and their lclalion with the conditions 
of life are studied. Special attention is 
paid to the question of conservation of 
nature. 

The next large division of the course is 
devoted to the evolutionary develop¬ 
ment of the organic world and knowledge 
of its laws. Hcie, the students aie 
acquainted with the origin of life on 
earth, the laws of development of the 
organic world and the basic proposi¬ 
tions in the theoiy of Darwin. Special 
attention is paid to Mic burin’s theory 
on the transformation of the nature of 
living organisms. The question on the 
origin of man is examined at a level 
higher than in class VIII. The couise 
is concluded with generalization on the 
uses and achievements of the biological 
science in the various spheres of produc¬ 
tion : in agriculture, medicine, various 
fields of industiy and in the problem 
of conquering space. 

The teaching of biology in the middle 
school is especially successful where the 
teacher uses various methods and 
measures which encourage active 
participation of the students. This is 


achieved by conducting laboratory 
experiments using naturally occurring 
materials, setting up of experiments and 
observations on plants and animals, by 
exclusions into nature, to agricultural 
farms, and by working on plots allotted 
for expeiimcnlation m the school. As 
has already been shown, the teaching of 
biology in all its stages, is closely related 
to piactieal labour. The laLtcr helps 
the students to use knowledge obtained 
in the school m practice and develops a 
love for labour. Relating the study 
of biology with labour activities of the 
students helps in retaining more fully the 
knowledge of this subject attained by 
them. 

The system of study combined with 
work, helps the students in acquiring 
essential habits of wink, teaches them to 
prepare the soil for any gaulen or field 
culture, planting and raising plants, 
observe their growth and development, 
lcgisLcr the observations and maintain 
a daily and so on. The students must 
learn to work in the orchards or in a 
forest nursery, grow vegetables, destroy 
harmful insects, look after animals (calves, 
young pigs, rabbits and buds). 

Oflatc, greater and greater importance 
is being given to the introduction of 
cxpciimcnt for sharpening the produc¬ 
tive skill of school students. A separate 
field of specialization called “experi¬ 
mentation’ lias been created. It is 
closely 1 elated to the problems of agiicul- 
lure. The experiments of the students 
are divided into two groups. Experi¬ 
ments of perceptive nature which help 
in the deeper understanding of the various 
divisions of the course of biology, come 
under the first group. They are done on 
small pieces of land (1 m 2 , 5 m 2 , 10 m 2 ) 



TEACHING OF BIOLOGY IN U.S.S.R 


279 


in hot-houses or in the classes. This 
method of teaching has been applied 
successfully since long, by the teachers. 
The scientific development of methods 
on controlling growth and development 
of plants and animals come under 
the second gioup. The topics for this 
experimentation is detei mined by the 
requirements of the agricultural economy 
of the region in which the school is 
situated. The results of expeuments 
done on a large territory can bo used by 
the local agricultural organisations. 
Experiments of this type must be done 
on plots not smaller than 50 m a with 
triple replication and control so as to be 
sure of the lesults. Topics of such 
scientific experiments arc application, 
of trace e'emeuts, b-os insulators of growth 
and heibicidcs in iicld-ciop growing, test¬ 
ing of maize strains and othei cultures; 
bettering the seed stock; study of the 
influence of trace elements and antibiotics 
on the growth of calves, young pigs, 
chicks, ducklings and othcis. 

For doing experiments in field work in 
biology and agriculture each village and 
several urban schools also, have stpdent 
experimental plots of land. The aiea of 
these, is up to 2 hectares in rural eight- 
year schools and up to 0.5 and sometimes 
up to 1.0 hectares in urban schools. On 
Such school plots experiments arc con¬ 
ducted successfully. But the dimensions 
of the plots limit the possibility of 
setting up of scientific experiments. 
However, in many cighl-year-schools 
interesting and essential research is done 
even on small plots. 

In the middle schools along with train¬ 
ing in agricultural production training 
is also given in farming of plots several 
hectares in area, (depending on the 


location of the school) which are equipped 
with modern agricultural machines. 
I-Icie, there are all facilities for develop¬ 
ing experimental work among the 
students. Besides, in a number of 
schools training in labour and produc¬ 
tion is given according to the brigade 
method. Students from classes VII to 
XI often form one which is split into 
teams. Each brigade as well as team 
is headed by an elected student. The 
school brigade works on fields, collective 
farms and state farms, applying advanced 
agricultural techniques. A consider¬ 
able part of the land (up to 400 hectares 
and nioie) is reserved for the school 
brigade. The students themselves do all 
the agricultural work on these plots. The 
student brigades have their field camps 
with the canteen, library and agrobiologi¬ 
cal laboratoiy. The work of the brigade 
is done accoi ding to a plan of production 
chosen caihei. This plan is approved 
in the meeting of the brigade and is in 
accordance with the rules of the collec¬ 
tive and state farms, that is, the brigade 
of school students is actually included as 
a part of the collective farm. 

Students of VII-VIII classes work for 
4 hours and IX-XI classes for 6 hours 
m a day. The work of children is 
combined with rest, entertainment and 
favourite sports. 

In the student brigades experimenta¬ 
tion is on a grand scale. Part of the 
plots tended by the students come under 
experimental farming. The results 
obtained can be verified on larger terri¬ 
tories by the students themselves. 

In December 1962, results of All 
Russian competition for the best experi¬ 
mental work in schools, were given out. 
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It was found that, in several legions and 
autonomic republics) all the eight-year 
and middle schools wcic included in it. 
In the tenilory of ICrasnodaisk, tlieie 
weie 654 such schools, in the Belgiade 
region 539, m Kaluzhsk—516, in 
Ulyanovsk—111, m Volgogrudsk—138, 
Mordovsk ASSR—30-1 and in Sta\iopolk 
tcrriloiy 320 lnigadcs and 139 societies 
of young cxpcrimenlatois had been set¬ 
up. The schools which attained best 
results were awarded pii/.cs. 

The topics fm experimental wotk arc 
increasing yeai by year. For example, 
in the Archangel legion, rescaich on the 
advancement of maize in the North is 
being done. In the black earth regions 
work is being done on the study of the. 
influence of the area of cultivation on the 
harvest field of sugar beet, by using 
bacterial fertilizers; the influence of 


buckwheat and so on. Advanced 
schools are combined with faims of collec¬ 
tive and state farms demonstrating experi¬ 
ments and with experimental stations 
and aguculluiul institutes. 

Expci internal work lias a great 
influence m the formulation of the 
pcisonahly of the students. A deep 
interest in the piocess of conducting: 
experiments, creative joy on attaining 
positive lesults, collective friendly team, 
work, competition between the teams 
all these acute love for agiicullure in 
the students. The students of the middle 
school have a piide of choice of profession 
after pioductive ti anting in piofcssions 
such ns plant growing, stock breeding, 
assistant in ugio-laboratoiics and so on 
Many students who finish middle school, 
alter woiking in student biigadcs, icmain 
and continue to woik on the place 


additional pollination on the harvest of where they weie named in production. 
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What Should Be Learnt in a Secondary 

School Physics Course ? 

K. Hecht 


T HE plans to modernize German 
secondary school education that have 
recently been put forward fiom various 
sides have one curious characteristic in 
common. However much their con¬ 
ceptions of how to adapt school education 
to modern requirements may differ in 
other lcspects, they all suggest giving less 
consideration to the natural science subjects 
than has been the practice in German 
secondary school education during the 
past few decades. The more radical plan 
of this type is the draft agreement of the 
Ministers of Gulluic of September, 1960. 
It puiporls to provide for an intensi¬ 
fication of teaching by reducing the 
number of compulsory subjects and by 
coordinating the subject-matter to be 
presented, and thus to educate the students 
in a spiiit of mental independence and 
responsibility. This idea is catching and 
meets with due recognition in various 
quarters. The means suggested for the 
attainment of this object have, however, 
roused much opposition on the part of 
scientists, businessmen, school teachers 
and parents. For the above aims of the 
draft agreement are, inter alia, to be 
realized by abolishing completely the 
instruction in the natural sciences, which 
has hitherto been compulsory in all types 
of schools; in the upper forms of secondary 

From a lecture by K Hecht given on June, 21, 
1961, in Frankfort Maui. 

Repi inted flom Die Leybold- Welle. The LEYBOLD 
House Magazine of Physics Apparatus for Teaching 
Purposes, Vol 2/3 (9-10), April, 1963, 


schools specializing in the ails ( spiachhche 
Gymnanen) and by abolishing biology and 
chemisliy in the upper forms of secondary 
schools where stress is laid on mathematics 
and science ( Mathmatisch-Natwwissen - 
schaftliche Gymnasien). This is to be 
replaced by the introduction of optional 
subjects, the students being free to choose 
between an arts or a science subject. In 
addition to that, the agreement moreover 
provides that one of the so-called basic 
compulsoiy subjects (Keuipjhchtfach) , e g. 
mathematics in the case of an arts school, 
can be teiminated in advance. 

The objections against this plan have 
as a nucleus the idea that it would mean 
abandoning the principle of providing a 
general education in the upper forms of 
German secondary schools, in favour of 
a premature specialization. This general 
education within the meaning a ‘studium 
generale’ is considered to constitute the 
chief educational task in the upper forms 
of secondary schools and is thus looked 
upon as an essential qualification for 
university entry. Many objections are 
directed against the fact that the draft 
agreement would kill the science subjects 
in an untimely fashion. 

The natural sciences have had far- 
reaching effects on the thoughts and 
actions of mankind. No one can fail to 
be aware of the radical changes which 
make our scientific and technical age so 
different from the past not only in its 
outward appearance, but also in its spirit. 
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Yet the diafl agicement sees no hatm in 
the fact that timing their last, decisive 
ycai.s of schooling the secondary school 
students aic no long'd obliged to come to 
giips with the science that have conlnbu- 
ted most decisively imvaids tins change of 
structure of the present age Obviously, 
then, the importance of natuial science 
teaching foi the education of independent 
ly-mindcd, responsible young people who 
will have to piove themselves in a lriture 
evolving with yet gicatci piogrcss in 
science and technology, has m no way 
been properly appreciated. It seems 
necessary therefore for me to advocate 
once again the importance of science 
teaching in the upper forms of sccondaiy 
schools in an all-round gcncial education. 

In what follows I shall restrict myself 
to a single science subject, namely, physics, 
whcic I am most at home. However, I 
should like to point out that chemistry 
and, above all, biology, have other, 
impoitant contributions to make in 
secondary school teaching, in view of the 
chaiacteiistics of both their methods of 
enquiry and their results, which will now 
almost certainly fail to come into died. 
Physics cannot be considered as a substitute 
for these disciplines. On the contrary, 
what must be ptovided is a co-ordinated 
education in all three subjects, othciwise 
one cannot adequately appreciate tile 
methods of thinking of piesent-clay science 
and the spirit of the age that bears its 
stamp. 

I shall try to form an estimate of the 
place of physics in a ‘sludium generale’ by 
pulling the following questions: Can the 
pursuit of this science in class convey an 
adequate knowledge of its basic found¬ 
ations? Can it develop the capacity for 
clear and independent thinking? And 


can it conti lbute towards the formation 
of' a personality able and willing to co . 
opci.Uc in the tasks of the future? 

In tins the object of physical enquiry, 
the method of cnqimy peculiai to it, and 
its piactical application by the individual 
as well as by the community prove un¬ 
expectedly fruitful, even witlun the scope 
of .school education. In physics education 
the students leam to dciive the most 
important concepts, fundamental laws and 
relations of physics by ligoious, logical 
conclusions drawn from obseivalions made 
in the couisc of careful cxjicnmenlal work. 
The examination of the method of enquiry 
peculiar to physics, which combines 
alistiact mental pioccsscs and experi¬ 
mental, empirical expciience, and of its 
applicability and limitations, shows what 
possibilities physics teaching holds in store 
for the cell cation ol the mind. This I 
shall explain at gi cater length in the light 
of the examples desenbed in what follows. 
Yet I would like to stress two further points 
of view here, because they give a special 
value to physics teaching, the finding of 
completely novel and unpicdiciable 
natuial phenomena, and the sense of 
wonder at the majesty of nultue this instils 
in the thinking mind. 

Thus it is not at all a question of 
just communicating ‘.subject-matter’ or 
‘facts’ which the students can pick out 
for themselves in passing, more or less 
as a hobby, as one can sometimes lead in 
educational lilcralme By this method 
no one would lie able to pencil ale into 
the spirit of the sciences and into the 
structure of our .scientific and technical age. 
Science teaching has greater tasks. What 
matters is the experimental experience 
and its mental digestion; only the 
combination of these two basic elements 
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leads to an appreciation of the thrill 
inheient in the disrovciy and cxploi ation 
of a new world that would othcnvisc 
remain hidden fmcvci fiom the human 
mind. One would not I cam to under¬ 
stand our intellectual contiilmtion at mu¬ 
tinies ‘that thought must abdicate whete 
it runs counter to the cieative order’ 1 . 

These points of view should always 
remain before our eyes when we try to 
assess the role of physics teaching in 
general education. To begin with, let us 
once more call to mind the aims and the 
scope of secondary .school physics teaching. 
Is it not tiue that the undci valuation of 
the natuial sciences frequently spiings 
from the erroneous view that the edu¬ 
cation in these subjects is introductory 
course work lot fuluie scientists lather than 
a contribution to genetal knowledge? 
This overlooks the fart that a physics 
course has something to offer to all stu¬ 
dents. Of course most of them will not 
choose a scientific, and technical career; 
but tlrcir only oppoitunity for concerning 
themselves with the natuial sciences is at 
school, especially in the upper classes. 
Later on, when they practise their pro¬ 
fessions, they will be faced increasingly 
with problems which can neither be 
understood nor solved without some 
knowledge of the natural sciences. If the 
coming generation is robbed of its only 
opportunity for an intimate acquaintance 
with the natural sciences, then ignorance, 
wrong assessment and thoughtless appli¬ 
cation of the material and intellectual 
achievements of these disciplines can cause 
grave damage. That is why the physics 

ff-Yom the memorandum <>I the faculty of Science 
of the Munich Umveis-.ty on the Saaibruckcn tliaft 
agreement of llie Ministers of Cultme on the Re¬ 
organization of Teaching in the top foinis of 
secondary schools 


teacher should always warn the students 
of the responsibility that goes hand in 
hand with the technical and scientific, 
evolution and its applications. It is not 
enough to leave the students to choose, 
if any, with what science subjects they wish 
to become acquainted. In actual school 
practice, rather curious and generally 
irrelevant masons for selecting or rejecting 
such subjects have been brought about. 
On the othci hand, it will not do to 
simplify the presentation of subject-matter 
and method by a restriction to a few 
typical examples, and by the sacrifice of 
more recent fields of physics, under the 
pretext of making things easier for over¬ 
worked students 

In order to appreciate the most lmpoi- 
lanl foundations, to develop independent 
thinking, and to gain an impression of the 
method of cnquiiy peculiar to physics it 
is necessary, on the contrary, to treat the 
phenomena selected for the course accord¬ 
ing to Lhc principles of thorough teaching 3 . 
What this means will be explained by the 
following examples: 

1. In mechanics what is to be aimed 
at is a consistent presentation comprising 
the kinematic and dynamic phenomena 
including rotary motion, the level of 
instruction being such that the most 
important fundamental quantities and 
fundamental laws up to the laws of 
planetary motion can be understood. In 
these fields the student has everyday 
experiences which must be collected, 
sorted, and critically examined. Thus if 
one wants to derive simple functional 
relations between space and time, that 
are common to widely differing types of 

2 II.A. Rislau, Uberwindung dei S ofTiille in 
Physikuntemcht (How to master an excess of sub¬ 
ject-matter in physics teaching), MNU 13, 46B, 
(I960/G1) 
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moduli, then the complex conditions was content with traditional experience 

picvailing in the case of an individual and died to explain the phenomena 

piocess—for example, of a Hying bud, from general speculations. Thus Aris- 

a driving molor-i ar, a sailing boat - -must lode's physics was dominated by the search 

lie, analyzed to Imd eonimmi chaiactei- for the 'prune movei’. Not until the 

istics. One must seek to lice the piocess tnne of Onlileo did it occur to anyone to 

in question hum side issues. In this seek a simple i elation between position 

analysis of experience the aim is in study and lime in movement and to devise 

a piocess that is easy to apprehend, and oxpemnents that might piovtde infer¬ 
tile method of cany ing out such a piocess. mation on this point. Following this 

In tins way one becomes acquainted example we have adopted the method of 

with the first conscious effort to extend the silting the available experience, suggesting 

range of cvciyday cxpcuence, by conceiv- possible casual relationships, forming a 

mg the idea and the plan to perform an hypothesis and deciding to test it. I'or 

experiment. This icquucs inventive, this purpose it is necessary to think out, 

constiuclive thinking and forms a part of i0 assemble, and to opciatc suitable 

the preparation of the experiments in expci iincutal apparatus, 

class. It should lie encouraged even il The experiment then shows whether the 
the experimental arrangement icquucs process in which w r e are inlcieslcd can be 

some technical and other expcndilme. observed fiec Itom side effects. This is 



I-ig. 1 

These fundamental elements of the noL possible for example in the case of a 

method of physical enquiry are typical hall that one rolls across a table to study 

of the methods of our age. It is true that rectilinear motion. It is retarded by 

even the ancients had occupied themselves friction and deviated from its course by 

with the treatment of kinematics. But one inequalities of the surface. Only the 
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smooth track and its slight inclination to 
compensate friction, as used in Fletcher’s 
tjolley (Fig. 1), enables the study of the 
rectilinear motion of a Holley by iccmd- 
ing position and time. 

Even the qualitative obscivatmn of this 
process is instinctive, new experiments 
suggest themselves which can be represen¬ 
ted by statements like ‘the faster the 
trolley goes, the slimier the time m which 
it covers a given distance’. In order to 
deiive statements which are universally 
true one must ftec oneself from the single 
example. Tins is taken into account by 
further steps in the logical method used 
in physics, such as the definition of funda¬ 
mental quantities and of the units in 
which these are to be mcasiued, and by 
their use in the apparatus piepaicd. The 
measurement may supply simple relations 
between the measuied quantities, after 
all, that is what had been expected and 
had piomptcd the cxpci imcnl. Thus 
with Fletcher's trolley one can find that 
the Uolley, once started, will cover equal 
distances in equal periods of time. The 
relation belwccn distance and lime leads 
to the ideas of velocity and constant and 
accelerated motion. By repeating the 
measurements sufficiently often one gains 
the confidence to generalize the relations 
so found. The functional relations bet¬ 
ween the observed quantities and the laws 
of physics are derived from the measure¬ 
ments by inductive icasoning. Small 
deviations of individual observations come 
to be recognized as inadequacies of the 
measuring procedure, or of the measuring 
instruments. The law itself supplies the 
idealized form of the relation sought, even 
if there is always a limit to the degree of 
accuracy with which the phenomenon 
itself can be observed in one or in many 


determinations. This scientific method 
employed in physics can only lie explained 
and treated slowly m class, applying the 
principles of thoiough teaching. The 
relations of mechanics are by themselves 
difficult enough to grasp and would seem 
incomprehensible to a student if he weic 
buidcnccl at too early a stage with an 
analysis of the undci lying processes of 
thought and perception. The reason 
why I have tried to represent them in a 
coherent mannei along with the very first 
example was that they aie applied 
accordingly in the same manner m all 
fields of physics. 

2. This is true, for example, in liie 
case of dynamics Thus if one passes on 
from the immediate experience of muscular 
strain, or fiom the leadily conceived forces 
of incitia, to a treatment of the funda¬ 
mental law of dynamics, the two new 
quantities force and mass aie intioduced 
in an almost identical manner. From an 
analysis of the available evidence one 
suspects a relationship belwccn the force 
and the mass and motion of a body. 
Hence the experimental arrangement 
must permit the observation and measure¬ 
ment of a rectilinear, frictionlcss motion 
of a body of variable mass, on which a 
variable force acts m the direction of the 
motion. This can be achieved using 
Fleischer’s trolley with guide pulley and 
the weights of metal blocks as driving 
forces. (To leave out this observation, 
because fiom its result a definition of force 
will be derived later on, would be contrary 
1o the spirit of the method of physical 
enquiry.) This measurement leads to 
the fundamental law of dynamics. force 
equals mass times acceleration, with an 
accuiacy sufficient for first introducing 
this fundamental law. When the quanti- 
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ties invnhril haw been < lanlied, llu‘ 
cxpt inni'iil i .in In' uprated lain on if 
neecssary, and any cnois niltcienl in 
the arrangement can be found by caieful 
expeiimniting. They are due lo a neg¬ 
lecting in the first analysis of the cxpen- 
menlai irsuUs the ineitia foices due. lo the, 
aeceleialion of the wheels and diiving 
blocks. These must be considered in 
addition to the forces required lo accelerate 
the tiollcy ( d'Alembert's principle). 

3. The lesulls of the experiments arc 
expressed in units and numbers ; lienee 
the relations between physical quantities 
following liom the observations aie cx- 
piesscd in the symbolic language of 
mathematics. In doing so one is sutpnscd 
to find that the physical observations can 
be represented by mathematical functions. 
On account of tins fact mathematics is a 
suitable tool for dciivmg deductive 
conclusions from laws of physics. These 
in turn can then prompt an experimental 
investigation for their further confirmation 
and open up the wide field of technical 
applications. 

An example of such deductions and 
experimental investigations is piovidcd 
by the processes observed with Maxwell’s 
wheel (Fig. 2), Here the fundamental 
law of dynamics is applied to rotary 
motion and to the retarded and accele¬ 
rated upwards and downwards motion of 
the wheel on the balance. 

If observations have not supplied simple 
relations, but have only given rise to 
further speculations, then one seeks to 
make deductions from these as well and 
to test them by experiment. Later on 
we shall find that even quite unexpected 
phenomena can be discoveredjjn this 
manner. *"* S: 



Fig. 2 


4 The methods of physics, of which I 
have given some examples from mechanics, 
arc applied in other fields too, e.g., in 
clcctiicily. The observation of the force 
acting on a charged body in an electric 
field can still be linked with everyday 
cxpci icnces of the students: the play 
with small bits of paper or cork in the 
field of rubbed insulators. But then the 
physical notions and quantities must be 
clarified m the course of further experi¬ 
ments. Their mutual relations can be 
observed using an arrangement in a 
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homogeneous electric fieldj see Fig. 3. 
The force exerted by the electric field in 
the parallel plate capacitoi upon a small, 
charged metal plate ananged at its centie 
is measured with a torsion balance. 
These obseivalions supply the important 
fundamental law: force equals charge 
times intensity of the electric field. 

5. In this experiment we make the 
same observations as in the case of the 
fundamental law of dynamics; the 
exclusion of all side effects is noL easy. 
In the introductory experiments it is, of 
course, possible to select conditions so 
that the fundamental law can be derived 
from the observations with an adequate 
degree of accuracy As the students get 
more familiar with the subject-matter, the 
observations can be analyzed with greater 
care and the additional forces due to 
electrostatic induction m the metal parts 
used (clcctiostalic image force) can be 
treated at greater length to deepen the 
students’ understanding of these processes. 

6. Let me now turn to the observation 
of the forces between current-carrying 
conductors and magnets. The systematic 
presentation that begins with introductory 


experiments and leads to the fundamental 
relations of electromagnetism has special 
importance because it leads to an under¬ 
standing of the electric machines so widely 
used in cnginceiing. This seems worthy of 
mention in this context not only because 
it is one of the examples which show most 
cleat ly how a technology based on laws of 
physics has changed in a revolutionary 
manner the working and living conditions 
of mankind, but also because in these tech¬ 
nical applications the validity of the physical 
foundations was unquestionably verified. 



7. As further examples of physical 
advances I now take some from the field 
of molecular and atomic physics. The 
properties of materials aie frequently 
treated in class; e.g., the change of length 
of a wire extended by the application of 
increasing stress, the change of resistivity 
of an electric conductor as its temperature 
is varied, or the observation of the surface 
tension of a liquid (Fig. 4). Here too the 
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method of onquiiy adopted follows the 
same pattern chaiactcnzed by the joint 
application of theory, experiment and 
interpretation: the analysis of everyday 
observations leads to conjectures concern¬ 
ing possible trialmnships which piompt the 
invention of an experiment; this is then 
pel loaned and the information supplied 
by it is tCcorded and evaluated. 

The law derived therefrom by inductive 
reasoning then summarises a newly won 
item of physical knowledge in concise 
statement. 

8. The observation of surface tension 
effects shows that liquids will contiact to 
pellets on surfaces they do not wet. If 
sevcial such pellets are brought near one 
another, they tend to combine to reduce 
their ovciall surface area. This can he 
shown by an impressive experiment 3 
A line capillary tube made of glass is 
used to bring many small meicury droplets 
into a watch glass containing some 
acidulated water. On account of surface 
tension the total surface area of the 
mercury tends to be a minimum. As 
the droplets come into contact with one 
another, individual dioplets will combine 
to form one large drop of mercury. This 
process is easy to observe, especially in 
projection. The combination of two 
mercury droplets is a random event; but 
when the experiment is repeated several 
times under identical conditions, it will 
be found that the individual experiments 
resemble one another rather closely with 
respect to their course in time. The 
more observations are made, the more 
accurately can the time be stated after 
which the number of droplets will have 
reduced to half, and the greater is the 

3. Iohl, Mechamk, 13th edn, para. 78. p. 124, 
and Bergmann-Schaefhr, 5th edn., para, 68, p. 818. 


degree of confidence with which the 
standard deviation of this half-hfe is 
known. 

9. This expci iment is a simple and 
illustrative example of a random process. 
For in physics, the method of enquiry 
is applied even to such processes and 
leads to remarkably accurate predictions 
concerning their course. The greatei 
the numbei of determinations made, 
and the gi eater the number of indi¬ 
vidual particles concerned in them, the 
gi eater the accuracy with which state¬ 
ments about the general behaviour can 
be made, even though it is impossible to 
predict the behaviour of any one particle. 

The statistical representation of many 
properties of matter has come to play an 
impoitant part in physics, especially since 
there is conclusive experimental evidence 
for the atomic and molecular structure 
of matter. The power of this statistical 
method was first evinced by the kinetic 
theory of gases. The laws representing 
the interdependence of pressure, volume 
and temperature of a gas can be derived 
by it with a surprising degree of accuracy, 
considering the extremely large number 
of gas molecules concerned in the experi¬ 
ments. 

10. Indeed, the study of the behaviour 
of a very large number of similar particles 
furnishes information on the properly of 
an individual particle, since the obser¬ 
vation of a single particle is usually 
impossible. This I should like to explain 
by the example of the gas-focused cathode 
ray tube (Fig. 5). Now this tube can be 
used to give an impressive demonstration 
of the deviation of an electric current by 
a magnetic field. The electric current 
here consists of electrons concentrated 
into a narrow, luminous beam by gas- 
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focusing. On applying the experimental 
results of the dynamics of moved particles, 
and of electromagnetism, to the obser¬ 
vations made on the gas-focused cathode- 
ray, one finds the charge- to-mass ratio 
called the specific electronic charge as a 
property of the single electron. It is 
completely impossible to measure the 
specific electronic charge of one isolated 
electron. BuL the specific electronic 
charge, can be measured for the large 
number of electrons that make up the 
gas-focused electron stream in the tube. 
This experiment also shows that individual 
particles of like nature cannot he distingu¬ 
ished from one another 

11 Our knowledge of the molecules, 
the atoms, and the other elementary 
particles is also due to a clever and 
consequential application of the method of 
physical investigation. School physics 
includes a remarkably large series of 


experiments from atomic and nuclear 
physics which provide experimental evi¬ 
dence for the existence and some of the 
properties of such elementary particles, 
The size of an oil patch on water can 
supply information on the dimensions of oil 
molecules; the Brownian movement makes 
the thermal motion of molecules in liquids 
and gases intelligible; the field emission 
electron microscope renders the effects 
of individual barium atoms and their 
thermal motion visible, in Wilson’s cloud 
chamber one can observe the tracks of the 
elementary particles emitted in radio¬ 
active decay; nuclear plates (Fig. 6) show 
the tracks of atomic events that are caused 
by cosmic radiation. These are only 
some of the available teaching experiments 
of this kind. They not only supply the 
experimental evidence for the atomic 
structure of matter that had been suspected 
for thousands of years, but give also 
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Fig G 


glimpses of the. unfamiliar and hardly 
imaginable world of the microcosm and 
therefore a knowledge of quite novel and 
unimaginable natural phenomena. To 
come to know them and to learn what 
far reaching consequences spring fiom 
them for prescnt-day-knowledgc, for the 
course of future research, and for possible 
applications is part of the wonderful 
opportunities offered by physics teaching. 
The wonders of nature which present 
themselves here have led the most exact 
of the natural sciences, physics, to 
momentous conclusions. To quote a few 
examples: 

12. The discoveries made by W.G. 
Rontgen, prompted H. Becqerel to 
concern himself, in the spring of 1896, 
with the fluorescence of uranium salts, as 
he thought that the fluorescence of these 
salts had something to do with the origin 
of X-rays. This assumption he was forced 
to give up; but instead, he discovered 
uranium radiation, the first known case 
of radioactivity, in the course of his 
suitably devised experiments within a few 
months. This discovery is only 66 years 
old. But how reypjutionary are the 


results of research and the technical 
applications of the new field of nuclear 
physics it has initiated! Once more 
nature proved to be far richer than could 
have been known without a conscious 
application of the methods of physics. 

13. Students taking a physics course 
can experience anew the discovery of the 
radioactive phenomena when watching or 
performing expeuments wiLli simple ioni¬ 
zation chambcis, counting arrangements, 
cloud chambers and like. The ex- 
peiimcnts leave behind an unforgettable 
impression; they demonstrate why the 
course of planned observation of nature 
adopted by the natural sciences alone is 
able to reveal this world of phenomena 
to us. 

14. I have mentioned the experiments 
with the gas-focused cathode ray tube 
from which conclusions can be drawn 
concerning the properties of individual 
electrons (velocity and specific electronic 
charge). This suggests a similar experi¬ 
ment on the deviation of /3-rays by a 
magnetic field (Fig. 7) in order to learn 
more about the properties of /3-particles 
than can be derived from absorption 
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measuiements alone. The experiment 
indeed gives remarkable lesults the /3- 
particles are deviaLed by the magnetic 
field; they htive a negative charge and 
can, iheicfore, be indentified with elec¬ 
trons FurLheimoie upon computing the 
velocity of the ^-particles ltom the 
measured values similaily as in the case of 
the gas-focused cathode ray tube, one 
obtains the surprising result that their 
velocity must be greater than that of 
light. But this is in contradiction to all 
other findings of physics, which exclude 
the possibility of moving particles ever 
exceeding the velocity of light, If this is 
considered in the evaluation, one is foiced 
by the results of the experiments to 
conclude that the mass of the extremely 
fast /3-particles is greater than that of the 
idatively slow electrons in the gas-focused 
cathode ray lube. Hence the quantitative 
evaluation of this experiment leads to an 
understanding of the dependence of mass 
on velocity, as a result of special theory of 
relativity. From the fact that the value 
of the mass of a very fast body increases 
as its velocity approaches that of light one 
can moreover infer the equivalence of 
mass and energy. That mass can be 
transformed into energy and, conversely, 


energy can be transformed into mass, is 
one of Lhe most fruitful results of modern 
physics. It cannot be grasped using the 
conceptions of classical physics Hence 
wc must also accept such new results as 
are unfamiliar to our minds in order to 
describe the observed natural phenomena 
consistently. 

15, The determination of the velocity 
of light (Fig 8) is one of the basic experi¬ 
ments in education In 1904 an inter¬ 
ference experiment performed by A.A. 
Michclson had shown that on the earth 
which moves round the sun with a velocity 
of 30 km/s, the velocity of light has 
exactly the same value in every diiection. 
This experiment cannot be performed in 
class; but its result is extremely important 
It can be used to discuss with the students 
the observability of simultaneous events 
in systems that are moving relatively to 
one another. The experimentally found¬ 
ed constancy of the velocity of light, which 
cannot be exceeded, neither by fast- 
moving particles nor by communication 
signals, can then help them to see that 
statements of lime cannot be made 
independently of position. The old 
notions of an absolute space and of an 
absolute time independent from it are, 
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therefoie, habits of thinking which cannot 
be made to agice with the results of 
research. IIcic, too, thought must lesign 
because the Older of rtcation is diflcrcnl 
from what wc should have expected bcfoie 
obtaining evidence to the contiaiy. 

16. Similar conclusions ibicc them¬ 
selves upon the mind in other fields of 
modem physics, such as quantum physics 
Naturally a school physics course can only 


picsent a vciy lew simple examples on this 
field; but these .suffice to filing out the 
lcmarkable new features of this entuely 
new world. The expetiincnlal basis is 
piovulcd by the well-known Franck- 
Ilei t/. cxpci iment (Fig 9). The scanning 
of mercury atoms with impinging electrons 
of continuously variable energy supplies 
the result that mercury atoms will only be 
excited if the cncigy tianslcried in the 
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collision has certain values. In the 
atomic legion, encigy too, has a gianular 
structuie. Only disci etc quantities of 
eneigy, the quanta (photons), can be 
received or leleasecl to biing about changes 
in the sliuctiue of the atom. The 
quantum theory developed by M. l’lanck 
explains these processes, as well as those 
involved in the photoolecti ic effect and 
in the absorption and emission of light 
in gases and vapours. The ‘Balmer’ 
series of the hydiogen atom, a sequence of 
spectial lines, for which the Basel secon¬ 
dary school teacher was the first to be 
able to state a series formulae, is generally 
cited as an important example of this 
type. The photoelectric effect, spectral 
lines and the Franck-Hcrlz-cxperiment 
lepresent the basic phenomena of quantum 
physics in a school physics comse. This 
new field of physics has also considerably 
changed and expanded the notions of 
classical physics by providing new items 
of knowledge. Foi a long time science 
had been striving in vain to gc t behind the 
secrets of the manifold spectral phenomena. 
Here the discovery of the quantization of 
energy provided a key and revealed once 
more novel proprties of nature nobody 
had foreseen, 


Many of these discoveries cannot yet be 
treated experimentally with the simple 
means available in a schol physics course, 
so thaL I shall have to omit them here, 
although for example the statement about 
the complementary nature of waves and 
corpuscles would be another important 
example. Instead, I should like to point 
out the hacks due to the simultaneous 
production of an electron and a position 
that are found m most nuclear plates 
These are formed when an incident high- 
energy photon (gamma ray photon, 
/;w> 1.02 MeV) is transformed into an ele- 
tron-positron pair in the field of an atomic 
nucleus. The materialization of energy 
which is heie observed is a convincing 
pi oof of the equivalence of energy and 
mass which follows from Einstein’s relaLi- 
vity theory and to which I have already 
alluded when mentioning the deflection 
of 0-i ays. I think one should not withhold 
from the students the deep impression they 
can receive when examining a nuclear 
plate and especially when finding the 
tracks of an electron-positron pair on it. 

18. Now let me show the limits of 
observation using an example from 
classical physics, the resolving power 
of a microscope. The relevant theory is 



17. Recent physics accounts for quite 
a number of discoveries of this kind which 
necessitated the giving-up of traditional 
views, and forced the workers to accept 
the new facts which could never have been 
derived by mere speculative thinking, 


due to Abbe; a pertinent experiment can 
be performed in class (Fig. 10). The 
diffraction of light by the structure of 
the object determines the quality of the 1 
image; the wave-length determines the 
limits of the resolving power of a micro- 
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scope. For the same angle of aperture 
of the cone of light, the distance between 
two points in the object that can just be 
resolved depends on the wavelength of 
the light, the smaller the wavelength, 
i.e., the laiger the frequency of the light 
used the smaller the distance. Thcicforc, 
for the same aperture angle, the distance 
that can just be resolved, and the frequency 
of the light used, are complementary 
quantities. If the frequency of the light 
used to produce the image is such that it 
remains within the visible pait of the 
spectrum, then the structure details of the 
object that can be resolved will be of the 
order of magnitude of one wavelength. 
Hence the resolving power is not only a 
problem of measuring technique, but also 
is limited by basic principles of physics. 

The limits of observability oi the 
inherent indeterminancy of a physical 
measurement independent of the unavoid¬ 
able errors of reading are of special 
importance in mtcrophysics. This is 
expressed in the indclerminancy principle 
stated by Heisenberg. Accoiding to it, 
the coordinates and the momentum of a 
particle, or the energy and the time of an 
event, cannot be measured to an arbiliary 
degree of accuracy simultaneously. The 
more certainly the one quantity is deter¬ 
mined, the more uncertain is the other, 

Such reflections on basic limitations of 
observability are important in other fields 
of physics too, e.g., in the new information 
theory. It is part of the method of 
enquiry adopted in physics to find out 
the limits of its applicability. If it is in 
keeping with the nature of physical 
enquiry that the enquiring mind becomes 
conscious of the limits of its power of 
enquiry and can state them precisely, 
then it is misleading to call this the 


limitations of physics. These are deter¬ 
mined by its field of application consisting 
of the study of the phenomena of the 
inanimate naluie. 

19. The influence that physics exerts 
on the life of the individual and of the 
community thiough the application of its 
results is also within the purview of 
physics education. Here I am not 
thinking so much of the technical appli¬ 
cations in their machines and apparatus 
designed foi these purposes, as of their 
influence on the shaping of human life. 
In the fust place, the technical appli¬ 
cations of physics bring to our minds daily 
how much and how confidently we always 
and everywhere rely on the validity of 
the physical laws on which they are based. 
Once such applications aie in use, they 
soon come to lie so generally accepted, 
that everyone makes a claim to their use. 
Correspondingly, the sociological import¬ 
ance of these applications in this present 
technical and industrial age is enormous. 
Whereas the balance, the oldest physical 
measuring instrument, has been used in 
human industry and commerce for 
thousands of years, it is only in these 
days that the production and distribution 
of energy, the transport and communi¬ 
cation services, the automatic control, the 
industrial production of almost every 
kind of merchandise, which render the 
technical application of the results of 
physical research practically indispensable, 
It is not, therefore, at all surprising that 
among the students attending physics 
classes there can lie found an increasing 
tendency to ask for an explanation of 
technical innovations. Even though a 
school physics course is no place to discuss 
the constructional detail of engineering 
equipment, such questions put by students 
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should always be taken up readily and 
related to their physical foundations 

20 As an example of a physical process 
underlying many technical applications 
I might mention the generation of un¬ 
damped electrical oscillations with 
theimionic valves accoiding to the 
principle of negative feedback (Fig 11). 
Its applications m telecommunications, 
broadcasting and television are obvious 


been repeatedly cited 4 and have been 
generally accepted by physics masters. 
One endeavours to select such fields of 
physics where careful experimental work 
enables the observation of basic pheno¬ 
mena, and the laws of physics and the 
ways in which they are connected can be 
derived from the experiments. If this is 
done consistently with the selected subject- 
matter, then the students will gain a 
knowledge of the basic foundations of 



n 


Occasionally It is possible to help a radio¬ 
amateur boy, who may be quite skilful at 
his hobby, but has probably not given 
much thought to the underlying foun¬ 
dations (having only superficially acquired 
the jargon) to come to an understanding 
of the physical principles he is using. 

The examples of school experiments I 
have quoted to illustrate the method of 
enquiry of the natural sciences and the 
results it provides have been drawn from 
several fields of physics. Of course 
comprehensive physics teaching cannot 
restrict itself to such a small and arbitrary 
selection of experiments as were used to 
indicate what can be learned in a school 
physics course. The principles governing 
the thorough teaching of physics have 


physics and an insight into its effects on 
the thoughts and actions of modern times 

4. HA. Ristau, Genugt exemplarisches Lehien' 1 
(Does teaching by examples suffice?) Schriften des 
Deutschen Vereins zur Fordeiung des mathematis- 
chen und naturwissenschaftlichen Unterrichts e. V 
No. 4, p. 10 et seq. Report on the meeting of the 
Physics editors from October, 7, to October, 10,1959, 

K. Hecht, Gedanken zur Stoffauswahl lm 
Physikunterricht (On tire right choice of subject- 
matter in physics teaching) MNU, 11, 198, 

(1958-59) 

E. Hunger, Die Bildungsfunktion des Physiku- 
ntcrrichts (The educational task of physics teaching), 
Vieweg Verlag 1959. 

E. Buchwald, Die Bildung Physik (Education 
through physics) Vandcnhoeck und Ruprecht, 
Gottingen 1956. 

llfber Eildungswerte der Naturwlssenschaften 
(On the educational aspects of the natural sciences), 
Phys. Bl. 17, 197, (1961). 
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and will be able In unfold and develop 
iheir intellectual poems theieon. 

Ill doing so, the students will also 
understand that the expei imrni has an 
important place m the piocednic that 
starts with an analysis of the available 
evidence mid ends with the geneiali/.ation 
of newly found results, This is wlicie 
picscnt-day physics dill'cis liom the pmcly 
speculative attempts of antiquity. The 
conscious step of increasing the range of 
experience by devising, performing and 
evaluating an experiment is needed to 
increase the volume of out knowledge of 
physics. An experiment may serve as a 
crucial test to eliminate one of two 
possible hypotheses, or it may not eonfurn 
either one of them, but bring to light 
something completely and unexpectedly 
new, as radioactivity in BccquenTs case. 
An experiment as an end in itself would 
be unthinkable, This would be mere 
manual dexterity and would in no way 
help to attain the object ot physics teach¬ 
ing. The proper presentation of experi¬ 
ments, on the othci hand, will bring out 
the typical structuic of an experimental 
science 

Apatt from the actual performance of 
experiments, the objects of teaching 
include the description of the obsei vations 
made. It is, of course, difficult, but very 
valuable as an exercise, to state simple 
relations concisely and accurately in simple 
words. In physics teaching this task 
acquires a special importance through 
the specialized language of physics where 
the meaning of terms is precisely defined 
by experimental experience. The student 
will tend, initially, to express his obser¬ 
vations in the everyday language familiar 
to him. He has yet to learn how 
ambiguous and misleading this language 
can be and what advantages attach to the 


use of the technical teuns of physics 
The way in which the experiments are 
dcsci died can then show whether the 
-itudent lias mentally digested the ob:ei- 
valinns and conclusions, whether his 
concern with physus lus enabled him to 
pioceed In a clear and unswerving 
judgment, to objectivity and truthfulness 
la this pioccss lie will lcain also to 
ti anshilc the physical quantities and the 
laws connecting them into the symbolic 
language ol mathematics. This language 
piovcs even moie helpful in the phiasmg 
of strict and logical definitions, m the 
simplification of the theoretical represen¬ 
tation and in the evaluation of the results 
of physical lt'seavcli that are to find 
technical applications. 

I cannot over-cmphasr/c the many links 
with the historical development, above all 
with the picsont, which physics education 
can bring to mind. One not only comes 
to know the great research wotkers and 
then discoveries, which have made basic 
contributions to the development of our 
culluic, but also the change in the physical 
conception of the world that has taken 
place within the lasL lew centuries. The 
pciception of how experimental obser¬ 
vation and theoretical investigation have 
cut more and more deeply into the 
traditional world of ideas is essential for 
an understanding of the present and 
future development. In most fields of 
physics the selected subject-matter is 
usually presented in the order of the 
historical development. As was shown by 
some of the examples mentioned earlier, 
one then has occasion to see what funda¬ 
mental rethinking has to be done in order 
to come to terms again with the observed 
order of creation. Here one should not 
forget how the progressing scientific 
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development has simultaneously cruichcd 
the working life of humanity by its 
technical applications. 

After tins short presentation of the 
foundations of the method of physical 
enquiry I should like It) point out m what 
essential inspects a school-physics com.se, 
even in the uppei forms, should differ in 
my view fiom a university course. In 
university science courses, the fields of 
knowledge concerned in lccUucs, practical 
work and seminars should be presented so 
exhaustively that every student canptocecd 
to the limits of picsent-day knowledge 
by his own cffoils Ilcncc their object 
and method is characterized by systematic, 
consistent iheoiies of present-day know¬ 
ledge. But in school education what 
matteis is not so much this pi osculation 
of self-consistent fields of knowledge; the 
object is not to pi ovule a condensed 
university course, m to anticipate exten¬ 
sive knowledge Neither a complete 
course in analytical mechanic > nor a 
complete quantum mechanics course would 
be in harmony with the. spirit of physics 
education in school, they belong to the 
orbit of university teaching. In a 
secondary school, on the other hand, 
thorough teaching of the selected basic 
foundations should develop and exercise 
the mental faculties of the students. The 
best vehicle for this is provided by the 
various processes of thinking, by which 
the method of physical enquiry is dis¬ 
tinguished, and by its results. Thus a 
school-physics course can enhance the 
volume of general knowledge of all 
students alike, so making them fitter for 
university education, no matter what 
professions they may later choose. 

The technical language used by the 
physicist often fails to bring home the 
fact that the fruits of this thorough 


teaching have an intrinsic value for the 
formation of personality. The insight into 
the general laws by which the processes of 
nature are governed and to which man 
also is subject to a huger extent than he 
would generally like to admit are likely 
to instil humility and lcvcience The 
wonders of nature which reveal them¬ 
selves to the students in their work even 
in the mosL exact of the natural sciences 
can safeguard them from vainglory. 
They may learn to appreciate the signi¬ 
ficance of the fact that m physics of all 
disciplines the thinking mind becomes 
conscious of the limits of Ins knowledge 
and undcistandmg Not even here can 
he explain the piocesscs of natuie by mere 
1 casoning, but must accept the natural 
order 

I have now piescnted some points of 
view concerning the things that can be 
learnt in an advanced secondary school 
physics course. Arc they really so in¬ 
significant that it might be left to the 
whim of a student whether or not he will 
attend this course in the last few years of 
his school life 9 On the othei hand is 
it not true that the aims of thorough 
teaching in physics arc of such grave 
importance for the student of today and 
the adult of tomorrow that they cannot 
be ignored ail? Naturally such a general 
education in physics can and will attain 
its ends only in conjunction with corres¬ 
ponding courses in other subjects It is 
this coordination of all fileds of teaching 
which alone makes the desired general 
education possible. All courses must be 
selected and limited with similar ideals to 
those adopted in the case of physics, and 
the temptation to do university course work 
must be avoided. The notion of ‘optional’ 
subjects must not unilaterally limit the 
scope of a general education. 
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Scientists You Should Know 


M OST young school children, at least 
those who live in cities oi towns, 
read in the light of an electiie lamp 
But how many of these realize that their 
parents, when they were young, wcie not 
so fortunate. But illumination by an 
electric lamp is now taken vciy much foi 
granted. The failuie ol powci even fin 
an hour at night causes vexation and 
annoyance. 

Electricity as power was known from 
a very long time. From 1000 onwards 
attempts were made by inventors to use 
electricity to produce light. But all these 
trials failed. 

In 1878 a young American inventor then 
31, and already famous for his other inven¬ 
tions undertook to solve this problem. 
His reputation as a successful inventor was 
so great that everyone believed he would 
do it. At that time illumination of houses 
and streets was mostly by gas. The vested 
interests of the gas companies were afraid 
that they would go out of business. The 
story goes that some of these people 
controlling gas companies even attempted 
to sabotage the valiant trials of the young 
scientist. 

Edison was born in Milan, Ohio on 
February 11, 1847, As a child he was 
intelligent but showed no signs of genius. 


THOMAS ALVA EDISON 

( 1847 - 1931 ) 

But he asked many queer questions 
Edison found interest in books and he was 
always doing something with his hands, 
At first he would read anything he could 
find and later began to lead books on 
science. Then lie began to experiment, 
lie set up a chemical laboiatory m his 
house and began to earn money to buy 
chemicals and equipment. He tried 
growing vegetables in the kitchen garden 
and selling them. Later he was selling 
newspaper in a train, Soon he estab¬ 
lished his own printing machine in the 
luggage van of the tiain wheic he used to 
navel with his vegetables. Fie was selling 
ncaily 400 copies of each issue of the 
paper, for which he was the owner, 
editor, printer and publishei This 
venture came to an abrupt end when by 
accident a container with phosphorus fell 
off its shelf and staited a fire. The fire 
was put out, and so was Edison out of the 
train. 

The next phase in Edison’s life was his 
venture in telegraphy. When 15 years 
old, he rescued a boy from a rail track. 
The grateful father offered to teach him 
telegraphy. Later Edison got a job as 
telegraphist and became very efficient in 
speed. It was here that he made his first 
invention. The headquarters of the 
company required that all stations should 
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signal ‘6’ in Motsc evety hour The 
small station whcic Edison woikcd was 
veiy punctual One night the licad- 
quarteis called him back and got no lcply 
On a checking it was found that the young 
man was asleep but had fixed an apparatus 
to the station clock that made it signal 
automatically. For this ‘neglect’ of work 
Edison was fired. Soon lie got another 
job in Boston. He invented a ‘Voting 
Recorder’ in 1868 and it was Ins fust 
patent Bul this was not liked by the 
politician who tested the machine. He 
did not want such a reliable machine to 
count votes. 

Next year Edison migrated to New York 
and began to look for a job While 
waiting in an office building, (he telegraph 
machine which leporlcd the price of gold 
broke down. No one could fix it and the 
speculators were annoyed because then 
fortunes depended upon the machine. 
Edison repaired the machine in no time 
and was offered a job theic, In a few 
months he set up as a piofessional inventor. 

He invented a ticker which kept the 
stock brokers infoimed of the prices. He 
offered this for sale. The president of a 
firm bought it and asked the inventor to 
name a price. Edison was hesitating 
whether he should ask |5000, or accept 
$3000, but at the end left it to the busi¬ 
nessman Imagine the surprise of the 
scientist when he was offered $40,000. 

With this money Edison set up a large 
laboratory and worked on a number of 
new improvements in telegraph machines. 
He got married to a girl who was working 
in his laboratory. 

In 1876 he moved to Menlo Park which 
later came to be called the ‘invention 
factory’. So fast did the inventions come. 


He impioved the telephone and invented 
the ‘microphone’. He used carbon dust 
whose pai tides responded better to sound 
waves. It was here that he invented the 
‘phonogiaph’. When he and his mecha¬ 
nic were assembling the machine everyone 
including Ins assistant was sceptic about 
Edison’s claim to make it talk He spoke 
a few words to a trumpet which was 
directed towaids a cylinder of tin foil 
revolving under a needle. Then he set 
the needle at the beginning and turned the 
handle. Out came the first words a 
machine ever spoke The words were 
‘Mary had a little lamb, its fleece was 
white as snow—’. The world was 
astonished at the ‘wizard’ and his machines 

Aflei his success with the phonograph 
Edison turned to the problem of electric 
light. Scientists before Edison had 
attempted several times to invent an 
electric light bul failed. Edison did 
hundreds of experiments m his search to 
find some suitable material which when 
placed in a vacuum tube, and electric 
current passed through it would glow 
producing light. He carbonized every¬ 
thing lie could lay hands on before using 
it. Ultimately he succeeded with a 
scorched cotton thread, a fragile carbon 
filament. 

On October 21, 1879 he set up a bulb 
with such a filament and it burned for 
40 hours Electric light became a reality. 
On the New Year’s Eve, following his 
discovery, the main street of Menlo Park 
was illuminated by electricity. 

This was the climax of the great 
inventor’s life. Pie continued to work for 
more than half a century and patented 
many more inventions which helped the 
motion picture and electronics industries. 
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One of these was a mechanism by which 
clecii icily horn a filament passed on to a 
metal plate inside an incandescent lamp 
globe. This has become known as Edison 
dl'crt At that time its impoitanee was 
not realized, but it made possible the radio 
tube and all the eleclionir maivels of 
today 


What can a laser da 

Some day a 1 ay of light, a lasei beam 
could be used to make brick buildings 
stand without mm tar It would be used 
to form a single, solid wall. 

The laser, a nanow lay of light seveial 
thousand times brighter than the sun, can 
weld many cctamic mateiials, considered 
non-fusiblc The new laser method of 
bonding would be practical in erecting 
buildings of brick or stone, if lime is 
short, as in military installations. Locally 
available materials could be used. Mortar 
haidens slowly but welding with the laser 
ray can be done in seconds. 

The heart of a laser is a pink ruby rod 
of a synthetic crystal of corundum 
(aluminium oxide, an important ingredient 
of common clay) doped with chromium. 
An optical resonator forces the atoms to 
radiate m phase, resulting m a very narrow, 
interbeam of coherent light. 

From School Science and Mathematics, 
63 (8): p, 671. Nov. 19G3. 

What is Celsius Tempo ature Scale •' 

Mosl thermometers arc marked in 
either Fahrenheit or Centigrade dcgiees 
There is a third scale called Reaumur 
named after the person who hist proposed 
it. The Fahrenheit temperature was de¬ 
vised by the German physicist Gabriel D. 


He ceaselessly worked in his laboratory 
till lie died on Octobei IB, 1931 

Dining his career Edison patented 1099 
inventions Inventions lequiic hard 
work and haul thinking. According to 
Edison genius was one pci cenL inspiration 
and 9!) per cent pcispiraliou. 

S. DORAISWAMl 

Test Your Knowledge 

Fahicnbcit. This scale is used m United 
States and other English speaking countries 
for many years. The tempci ature scale 
used in mosL scientific works thioughout 
the world was devised by the Swedish 
astumomcr Anders Celsius (1701-1744). 
This fact is not so widely known because 
for many ycais this tcmpcraliuc scale has 
been called Ccnligiade (Genii •=• 100, 
grade = dcgicc). Recently (1948) the 
International Ikucau of Weights and 
Mcasutcs agreed to rename the scale after 
its inventor and to call it the Celsius 
tcmpcraLuie scale. Henceforth one has 
to read 45°G as ‘forty-six degrees Celsius’ 
and not ‘forty-six degrees centigrade.’ 
Foitunalely both Celsius and Centigrade 
have the same first letter G. (sec the article 
‘Our Units of Measurement-Ill elsewhere 
in this issue.) s. d. 

What is ‘Silent Sound’ ? 

The two words are contradictory. But 
there arc sound waves of a fiequcncy too 
high to be heard by the human car. The 
technique which uses such sound is called 
ultrasonics. When passed through a 
liquid or solid the waves agitate the mole¬ 
cules and produce various chemical 
reactions. They can even destroy plant or 
animal tissue. Ultrasonics can also be 
used as a clearing agent. The water in 



TEST YOUR KNOWLEDGE 


301 


which the objects to be. cleaned arc 
agitated by sound waves; tins pioduccs 
millions of microscopic bubbles which 
thrust against the objects and break down 
dirt and gteasc particles. But an ultra¬ 
sonic diswashci is still vciy expensive An 
ultiasonic ‘whistle' has been devised which 
will control the thrust of a rocket by 
increasing or dise.rcaslng the rale of 
combustion of its solid fuel thereby permit¬ 
ting greater monneuvrabilily, 

Ultrasonics carr also be used to steiilize 
milk and homogenize it. The waves 
break up the fat globules in the rmlk and 


at the same time destroy bacteria by 
breaking down then cell walls 

Ultiasonic waves are also extensively 
used in medicine. It is believed they are 
capable of dissolving gallstones and some 
types of tumouis. Bone canccis in 
animals have been destioycd tlnough these 
means Ultrasonic waves were used to 
remove a human pituilaiy gland without 
recour e to surgery which is dangerous, 
'flic waves have been used to treat some 
fotrm of skin ulcers, vencose veins and 
other conditions. 

Uy courtesy of the United States Information 
Sri vice, New Delhi 
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Science notes 


HORMONE TRE VI'MENT HELPS DWARIED 
CHILDREN GROW 

hormone extracted (torn the 
pituitary glands of deceased humans 
is helping dwarfed children in the United 
States glow taller, so that they can lead 
normal lives as adults. 

Scientists estimate there arc many thou¬ 
sands of children in the woild doomed to 
he dwarls. Thu teen of these children, 
known as ‘hypopituitary dwaifs’ have 
been or are now being tirated with injec¬ 
tions ofgtowth hormone in the Pediatric 
Endoci inn logy Clinic at John Ilopkins 
University Hospital m Baltimore, 
Maryland. 

The scientists say lesulls have been 
phenomenal. One 14-ycar-old boy was 
the size of a normal 8-ycar-old when 
he began receiving injections two years 
ago. With continued treatment he is 
expected to icach an eventual height of 
five feet (1.5 metres) instead of the four 
feet (1.2 metres) which would have been 
his maximum growth without the hor¬ 
mones. Another boy, only 30 inches 
(76 centimetres) tall at age 7, grew 1\ 
inches (19 centimetres) during a 15-month 
period of treatment, 

The ‘investigative project’, sponsored 
by the U.S. National Institute of Arthritis 
and Metabolic Diseases, is directed by 
Dr. Robert M. Blizzard. He said the 
major problem is that hormone from the 
glands of 200 to 300 persons is required to 
treat a single child, The pituitary is a 


pea-si/.cd gland at the base of the bram, 
Attempts to synthesize the hoimone have 
failed so fat, and animal hormones are 
ineffective. 

To increase the supply so that more 
children can be treated, a National Pitui¬ 
tary Agency has been formed to appeal 
to physicians and families of persons who 
have just died for permission to remove 
the pituitaiy gland during autopsy. 

M ACHINE DETECTS PRESENCE OF MINUTE 
AMOUNTS OE DEADLY GASES 

A machine which detects deadly gases 
and dust particles in industry and space 
research lias been developed by a United 
States scientist. 

The machine was specifically designed 
to monitor the presence of poisonous 
boron compounds used extensively in 
rocket propulsion research. But the 
deivee can also be adapted to measure 
minute quantities of other toxic vapours 
such as chlorinated hydrocarbons, nitrogen 
dioxide and petroleum fuels. 

The machine is so sensitive that within 
a few seconds it can detect the presence 
of as little as 10 parts of pentaborane in 
a thousand million. Even such a minute 
quantily can be toxic during an eight- 
hour exposure. 

Operating on a simple principle, the 
machine pumps air Lhrough a gas pilot 
light. The flame is colourless until a 
contaminant passes. Then, a characte¬ 
ristic colour is observed, indentifying the 
toxic substance. For example, in the case 
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of pentaboiauc the liana: bmmu-s a faint 
gieen 

A standard vacuum tube, railed a 
photomultipliei, mcastiies die intensity 
of the green which is then elertrmneally 
translated to a metre. An ahum switch 
closes when the me tie reading 1 caches a 
pre-set point. 

The device was developed at the Illinois 
Institute of Technology's Reseat ch Insti¬ 
tute m Chicago. 

DEVICE IN ,31'ACK RESEARCH ADAPTED 
TO 'JEST NEW DRUGS 

An ultia-sensitive device designed fen 
U.S. space icseaieh has an earthly appli¬ 
cation—testing the safety of clings. 

It was invented for use on a .satellite 
to detect tiny particles of ‘space dust’, 
or imcromcteojoids, and to line! how 
densely they populate space, 

Now, however, the U.S. Food and Drug 
Administration (FDA) has adapted the 
device to measure the dlccl of various 
drugs on the heart action of chick embryo. 
The ultimate goal is to use the instrument 
as a ‘screen’ or monitor to determine 
whether a new drug is safe for human 
use, or a pesticide safe for growing crops. 

The device is an adaptation of a ‘piezo- 
electronic transducer’, the electronic 
component in a home hi-fi that picks up 
sound fiom a record. 

Redesigned for space and medical 
research, it is so sensitive it can easily pick 
up the faint heart beat of a chick embryo 
inside the shell, or even mcasme the 
prcssuieofa light ray striking a miiror. 

Vermon L. Rogallo, its inventor, and 


Dr. Jacqueline Veriett, who is conducting 
the chick embryo experiments, described 
the device and its potential at a news 
conference licie. Mr. Rogallo is a 
scientist with the National Aeionautics 
and Space Administration’s (NASA) 
Ames Research Centre in California. Dr. 
Veuetl is a biochemist of the FDA’s 
Toxologicai Evaluation Division in 
Washington. 

The device tianslatcs minute piessures 
into electrical signals which can be con¬ 
verted into sound or into visual form for 
presentation on the screen of an oscillo¬ 
graph. 

How sensitive is the new measuring 
device? NASA says it can measure one- 
one thousandth of the impact of a grain 
of salt falling one centimeter. 

SMALL RADIO WITH INVISIBLE PARTS 
HELPS PILOTS NAVIGATE 

A miniaturized radio receiver contain¬ 
ing moic than 25,000 components too 
small for the eye to see has been developed 
m the United StaLes to help pilots navi¬ 
gate their planes with increased precision. 

The 19-pound (8.55 kilogram) receiver 
known as ‘AN/ARN-76,’ which takes up 
only half a cubic foot (3,539 cubic centi¬ 
metres) in the cockpit, helps a pilot find' 
his position accurately to within a few 
hundred feet almost anywheie in the 
Northern Hemisphere 

The system, which is a modern master¬ 
piece of miniaturization, will be flight- 
tested m 1964. 

Developed by the Sperry Gyroscope 
Company of Great Neck, New York, the 
system will gradually replace the so-called 
Loran-C receivers (the word ‘Loran’ is 
made up from the first letters of ‘Long 
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Range Navigation') which arc live times 
as lag and heavy and aie more dillicnlt 
to opeialc, 

r Lhe new units, like the old ones, help 
a pilot calculate his position by measming 
the. time interval between ladio j»ulses 
broadcast from chains of stialegieally 
located transmitters on the gionnd. The 
system presently envois sea and land aieas 
of the North Atlantic, North Pacific and 
Arctic Oceans and the Bering and Medi¬ 
terranean Seas and is planned to be even¬ 
tually extended on a worldwide basis. 

Almost all of the circuits in the new 
receiver consist of tiny disks called ‘silicon 
semiconductor wafers’ each barely largoi 
than the head of a match. These wafcis 
aic mounted in banks of 100 or more on 
post card size, plug in-units. 

The system is so fully automated that 
engineers say it is easier to operate than 
a home television set. The new unit 
eliminates gcats, motois, fans and other 
moving parts and has only live controls 
compared to 29 on the old units. 

By rourlcsy • United Stalls Infoimation STviec, 
New Delhi, 

RADAR TO PREDICT RAINSTORMS 

A radar system installed at the Univer¬ 
sity of Melbourne, Australia, will provide 
warning of stoims witlnn a 200-mile 
radius of the city of Melbourne. 

TheUniversily and the Federal Bmeau 
of Meteorology will use the radar for 
research into ram intensity. 

Built in Japan, from specifications pro¬ 
vided by Australian engineers, the system 
can be operated from tire university and 
from the city headquarters of the bureau. 


The ladai costs £00,000 and is one of 
a large number of installations which the 
bin can plans to inslal at various locations 
tluoughout Australia in the next four 
yea is 

The installations will provide inhuma¬ 
tion on the behavioui of the upper 
atmosphere w inch and will assist melcoto- 
logists to compile fin coasts fin aviation 
and other public needs. 

The equipment consists of a 12 ft. 
high ladai pedestal and a 10 ft wide dish 
Its main function will be the detection 
ni tain clouds up to 200 miles distance 
liom Melbourne. 

Weathei forecasting in Australia is 
curled out on a national scale by the 
Federal Bureau of Metemology Increas¬ 
ing use has been made of ladar to enable 
meteorologists to pi edict, what the weather 
pattern will be. 

Sixteen ladai units, known as wind- 
finders, will be installed at various weather 
stations and will be capable of measuring 
the speed and direction of winds up to a 
height of 120,000 ft. 

In addition, eight radar units will be 
installed aL Foil Moresby, Papua—New 
Guinea, "Willis Island in the Coral sea, 
at Kingsford Smith Airport, Sydney, 
New South Wales, Mount Gambler, 
South Australia and at Albany, Port 
Iledland and Broome, Western Australia. 

These eight radars will serve the dual 
purpose of measuring high level winds and 
of delecting and tracking storms within 
a 200-mile radius. 

By comtcsy; The Australian High Commission, 
New Delhi. 
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Summer Institute Programme 

EXTRACTS FROM DIRECTORS’ REPORTS 


I N all .sixteen Summer Institutes 
were held hom June fi - July 15, 
1964, four each in Biology, Chemis¬ 
try, Physics and Mathematics for 
secondary school science teachers in 
the various umvctsilics. As reported 
earlier, the whole scheme was jointly 
sponsored by the National Council of 
Educational Research and Tiaining, 
University Giants Commission and the 
United States Agency for International 
Development. 640 teachers attended the 
courses from all over the country. Each 
institute was manned by three or four 
professors or readers of the university 
where it was held and one of them acted 
as the Director Besides these, each 
institute had the services of two American 
■expeits, one a university professor and an¬ 
other a high school teacher. Both of them 
were familiar with the various modern 
programmes in the respective sciences and 
mathematics in their country. The names 
■of these faculty members have already been 
reported in the earlier issue. 

Tiie materials followed in Physics, 
■Chemistry, Biology and Mathematics were 
PSSC, CIHEM-Study, BSCS, and SMSG, 
all being new methods evolved in U.S.A, 
The participants and the faculty members 


wci e supplied texts and materials brought 
to India particularly for this purpose. 

Extracts from the reporL of the Directors 
of the several institutes are given below. 

BIOLOGY INSTITUTES 
Summer Jnsiilale m Biology—Delhi University 

Two types oflcctures were arranged—27 
special lectures and 22 content lectures 
based on BSCS yellow veision text. 
The former were mostly delivered by guest 
speakers who arc specialists in their res¬ 
pective fields. The content lectures were 
delivered by guest speakers and Indian 
and American Faculty members. On each 
day there were two lectures followed by 
a discussion. In the afternoon there was 
a laboratory experiment from 2 to 4 pal 
and this was followed by discussion In all, 
the participants conducted 50 laboratory 
exercises. A few of them were even 
outside the laboratory manual The parti¬ 
cipants were oiiented on the first two days 
towards the BSC1S programme. This 
orientation proved very useful. 

Discussions of various kinds, especially 
those following the content lecture and 
laboratory were the backbone of the 
institute. Two sessions were devoted to 
the discussion of the institute programme 
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and two to the implementation oftlic now 
programme in schools 

The nso of objective tests as teaching 
devices was discussed very frequently and 
the participants were asked to wiite one 
to three thought type questions following 
each content lecture and the laboratory 
work. Two tests were given by Mi. Fordycc. 
and the patticipanls were also asked to diaft 
a set of questions. Several field trips weie 
also ananged to take the participants to 
places of biological interest, to lcscarch 
institutes and other places. 

The institute succeeded in orienting 
the participants to teach biology as an 
investigatory science. Several suggestions 
were made by the Faculty Members and 
the participants for improving the, insti¬ 
tutes in 1965. 

The laboiatoiy work proceeded in a 
systematic and smooth way. Tlicic was 
pre-planning and close co-operation bet¬ 
ween the American team and the Indian 
team. The laboratory supplies wci e ade¬ 
quate. While the participants wc.ie well- 
trained in qualitative biology, some time 
was devoted to stress the ideas of quanti¬ 
tative biology. This is where they got 
most of their new ideas, bases for 
establishing hypotheses, and experienced 
Biology as an investigatory science. 

Summer Institute in Biology - 
Madras University Cenhe , Madw at 

ForLy-four participants, of whom 11 were 
women, attended the Summer Institute 
from the States of Andhra Pradesh, 
Mysore, Kerala and Madras. Two ol 
them were from Bhubaneshwar and Delhi. 
Their teaching experience varied from 1 
to 26 years, and the ages 25 to 50. There 
was adequate accommodation by way 


ol laboiatoiy, leelme looms, seminar 
room, pi o|eetion mom and common loom 

The institute stalled evciy clay function¬ 
ing horn !) t m and continued q]l fi PiM 
The inclining session was devoted to 
discussions and lectmes and the aftcinoon 
session was devoted to laboiatoiy work 
and films About SO boms wcie spent in 
lectmes. The number of leeluics were cut 
down to the minimum. There were 
mote discussion sessions. Over '16 experi¬ 
ments wcic peil’oimcd in the laboiatory. 
These experiments included those outlined 
m the laboratory manual of the ‘yellow 
vcisionb Besides these, about 15 experi¬ 
ments outside the" ‘yellow vcision’ weie 
devised and conducted. Some of these 
were on, aerial biology, effort of lutmenc 
and norm on growth of miciobes, cultur¬ 
ing of yeast from cooked rice soaked in 
walei, clfeeL of colour on photosynthesis, 
rate of licai L beats of a fresh watci musscll, 
blond typing, prcpaialion of stages of 
cell division m root tips using colchicine, 
and several ollici expciimcnls As far 
as possible the experiments were perfor¬ 
med with locally procurable material 
and wcic adopted to the local conditions. 

The laboratory blocks were mtioduced 
and an opportunity was given to partici¬ 
pants to tiy the effect of testesleronc on 
the secoudaiy sexual characters of chicks. 
Under the. scheme of projects for partici¬ 
pants, an oppculumly was given to them 
to plan and conduct their own laboratory 
exercises. The participants showed a 
good deal of interest 111 ‘Invitations to 
Enquiry’. With the. guidance of Mr 
Thomas the participants tried their skill 
in making simple molecular models, 

At least one hour was spent evei y morning 
for discussions. One session was devoted 
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to discuss the methods oi' implementing 
the new appioach with the. existing syllabi. 
Dr. Hill of the T.C.C.U Team intioduccd 
the objective tests. There weie scraal 
field trips to (i) Alagarkoil (ii) Gaudhignun 
(in) Kodaikaual and Viagai Dam. About 
10 special lectincs wetc arranged wheic 
expei is addressed the participants. 

Another novel feature of the mstiiutc 
was the decoration of the commonmum 
with pictuies of baste themes of BSCS 
approach. Some of these weie the DNA 
molecule, cell, bectcriophagc and a haemo¬ 
globin molecule A model of DNA mole¬ 
cule was made locally and was also on 
display. This display and decoiations 
enthused the pai Licipants and kept the 
piincipal aim of the ti anting always in 
the forefront 

Summet Institute in Biology-Bombay University 

As a rule thcic was one lecture everyday 
by a member of the faculty specialized in 
the topic. Following the lecture the 
participants were split into two groups 
one of which discussed the lecture and 
the other woikcd on 'Invitations to En¬ 
quiry’. After one hour the groups 
exchanged. In the later phases the 
trainees were made to take over the 
'invitations’ undei supervision. The labo¬ 
ratory work in the afternoon was followed 
by discussion Certain running experi¬ 
ments like those on population genetics, 
spontaneous generation, physiology and 
baclciiology were carried out. The day’s 
programme generally ended with a film 
show or a lecture by an invited guest. 

The novel feature of the institute was 
the choosing of a research problem by each 
participant in the last week of the course. 
The object was to initiate the participants 
m the technique of research and the 
problem was of a type which could be 


continued by the tiamee in his own school 
with the appaialus and chemicals available 
to him. There were also a number of 
field tups. 

Laboratoiy leporls, performance while 
picscnting ‘Invitations to Enquiry’ and 
the two objective BSCS type exami¬ 
nations were used for internal assessment 
'Flic participants were also encomaged to 
frame test papcis. The lesults of a final 
test indicate that the students were better 
able to handle this kind of test at the end 
than at the beginning of the institute 

In all 22 lectures were delivered and 
about 35 laboratory expeiiments weie 
conducted The participants learnt to 
lccogmsc that learning is a two-way 
process and that student paiticipalion, 
students’ inquiry and mutual discussion 
are much better than the lectures Among 
the suggestions made aic one, that infutuie 
there should be some institutes at district 
levels in addition to the zonal institutes. 
The BSCS material should be modified 
to suit Indian conditions Institutes 
should be held during the vacation period 
not clashing with the working of the 
University or college where it is conducted. 
The American staff should be with the 
Indian staff at least a week before the start 
of the Institute. 

Summer Institute in Biology—Ulkal Univeisity , 
Cuttack 

Adequate accommodation consisting of 
a lectuic theatre, laboratories, libiary 
and hostel was provided. Besides the 
regular lectures and laboratoiy exercises 
about seven special lectures were deliver¬ 
ed by specialists from the Rice Research 
Institute and the univeisity. Of particular 
interest was one by Dr. J, B. S Haldane 
and another by Dr, P, N, Ganapathi of 
the Andhra Univeisity. The Director has 
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analyed the answcis Riven hv the pat tici- 
pants lo a questionnaire. 

I>I ASICS IXSTITU I'IvS 

Summn Institute in Physics—Banartis Hindu 

Univeisity 

Thru* was daily discussion lor one hour 
held in foui groups each headed by a 
Faculty member. The evaluation and 
marking procedures included such items 
as use of tests as teaching devices and 
preparation of tests In the afternoon, 
there was laboratory wmk from 3 to 5i\m 
One lcc.tuic a day was held in the morning 
and special lectures were held in the 
evening. Tlieie weie also film shows. 
Altogether 20 cxpei intents wctc performed 
and ten demonstrated. These weie all 
according to the PSSG guide. 

There was a strong agicement that the 
syllabus must be changed to follow the 
PSSG text. Other comments were: 
thorough revision of examination system, 
provision of supplies and equipments for- 
teaching and provision of sufficient space 
and teaching time to do an adequate job. 

The laboratory experiences were ranked 
first among the strong points of the insti¬ 
tute; the films and lectures came next. 
The use of tests for the participants were 
not liked. The participants desired more 
opportunities for informal discussions of 
their opinions and difficulties A variety 
of improvements in teaching methods 
were suggested. This included frequent 
use of graphs, discussion groups and the 
reduction of emphasis on memorisation. 
Science Clubs and class instructions were 
both mentioned fairly often as means of 
approach. A strong expression was given 
for the development of a system of com¬ 
munication, between participants and 
staff members of the Summer Institutes, 


A publication on new teaching methods 
and new science developments was speci¬ 
fically icquestcd by several. Production 
of kits l'nr labmaloiy development was 
impnilant to many. They also desired 
to have visual aids, supplementary books 
and a postal system for tear her guidance. 

An intncsling guidance was sounded 
that in the ycais ahead we do not allow a 
state of fixed laboratory activities to become 
so liigtaincd that this can serve as a 
syllabus goal for the labmatoiy and thus 
arl to paralyse development as the piesent 
class syllabi do, 

’fhe experimentation was earned on 
enthusiastically by all. The desire for a 
workshop and the presence of instiuctor 
was quite ical. 'l'lie participants wanted 
to learn how lo const!net, lepair and 
improvise. 

Slimmer Institute in Physics Almwelabad 

Thirty-eight experiments of PSSC 
com sc weie done by the participants 
Five tests wcic given and the tests weie 
used as teaching device only The 
participants weie asked to submit questions 
which they did. 

Almost the entire PSSG text was 
covered by means of lectures and 50 
PSSG films weie scieened. 

Summer Institute in Physics—Gauhali 

Most of the lectuics were given by 
the teachers of the Cotton College. Most 
of the experiments in the PSSG labora- 
toiy type were performed except eight 
It was fell desirable Lo do fewer experi¬ 
ments more thoroughly than to attempt a 
vciy Iaigc number of experiments. The 
laboratory programme was quite a success 

According to the participants, the most 
valued experience was the laboratory 
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programme; the problem-solving and 
discussion sessions followed next in rank. 
Every participant indicated a recognition 
of the need to adopt the new appioach. 
About two thirds of the participants indi¬ 
cated that they could introduce some new 
content or a new appioach. They 
mentioned Science C'.lubs as a means of 
introducting laboratory experience. 

Summer Institute m Physics—Kmnalak 

All the PSSG experiments except 
about 18 were conducted by the partici¬ 
pants. Most of the chaptcis in the 
PSSG text were coveicd nr the form of 
lectures. The laboratory with some 30 
typical PSSG experiments with one 
participant for each experiment was kept 
open to science teachers of secondaiy 
schools of the neighbourhood on July 12, 
1964. The Amciican stall' and the 
Director met the students informally for 
one hour at the end of the institute to 
obtain the views of the participants. 

CHEMISTRY INSTITUTES 

Summer Institute in Chemistry—University of 

Burdwan 

Everyday there was one lecture, and a 
discussion for two hours in the morning. 
In the afternoon there was a three-hour 
period of laboratory work and pre¬ 
laboratory and post-laboratory discussions. 
In the evening there were film shows on 
some days. The participants were divided 
into two laboratory groups; and two 
participants jointly petformed experiments 
In all 31 lectures were delivered and 25 
laboratory experiments conducted. Four 
objective tests and achievement tests were 
given, The participants were also asked to 
prepare objective tests. The work on each 
laboratory exercise was corrected by a 


teacher and suggestions for improvement 
and coi relation of data, use of graphs and 
interpretation of the gtaphs were made. 
There were two field trips arranged. 
There was a conference of headmasters 
and science teachers of the locality, 
where the new methods were discussed. 
A summary of the participant evalua¬ 
tion reports has been prepared. The 
outstanding strengths of the institute 
weic classroom lectures and discussions 
and organization of laboratory work and 
close rapport beLween participants and 
faculty members The weakness of the 
institute was that full utilization of the 
facilities of the Institute was not made as 
one-third of Lhe participants did not turn 
up. Theic was scanty secretanal assist¬ 
ance. 

Summer Institute in Chemistry—Osmama 

University, Hyderabad 

There were ten lectures by prominent 
scientists each of which was followed by 
discussion. The regular lectures and the 
laboratory exercises were organized by the 
Indian Faculty members in close consul¬ 
tation and co-operation with the American 
consultants. Films were shown in the 
morning for one hour. On Saturdays 
there were group discussions with the 
participants. There were five such dis¬ 
cussions. The discussions were followed 
by critical evaluation by Prof. M. 
Tamres. 

Three open book examinations were 
held to evaluate the reaction of the partici¬ 
pants to the content of the syllabus The 
participants got an idea regarding the 
design of questions for an open book 
examination, The objective tests were at 
first prepared by the American Faculty 
members and this was closely followed by 
Indian members subsequently. The pro- 
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gicss achieved m the evaluation test was 
satisfartniy. An avciage of f>0 pm cent 
inn cased to (51 pci cent in the second 
hook examination, In the final exami¬ 
nation also the avciage guide was fit- 
per cent and the highest guide obtained 
was 97 per cent, Tlieic were, five field 
hips arranged. Everyday there, weie two 
leetuies followed by discussions and time 
was a lahomtory assignment for thice 
bouts in the afternoon. The special 
lectmcs were ariangcd in the evenings. 

Summer Institute in Chemistry —University 0 / 
Poonai Poona 

Everyday tlieic were two periods on 
theory from the CHEM-Study text and 
one period of discussion on the experiments 
done. 36 laboratory exercises weie 
conducted and 17 chapters of the text 
were covered in themy, After the experi¬ 
ments, everyday there weie discussions on 
the particular experiments. There weie 
two field It ips arranged. Regular C !l 1EM- 
Sludy objective tests were also applied. 
Among the suggestions for improvements in 
the next Summer Institute arc • 

1. That the syllabi should he modified 
according to the new method, 

2. The first 13 chapters of Chemis¬ 
try—An Expel mental Approach may 
he dealt with in the seconclaiy 
schools, while chapter Id onwaids 
with addition of parts 3, 4 and 5 
from GBA may be included In 
the pi e-degree course. 

Pailicipants in their reports state 
that evaluation by tests will not be 
proper due to limitation of time and the 
difficulty to come down to the students’ 
level. To some extent the new method of 
teaching can be introduced in the present 
syllabus itself. However, limitation of time 


and uvuilabilils of labouitory facilities aie 
the innjni difhudtics. There should be 
nirue demolish alions and guidance in the 
SneiK e Glubs, A Summer Institute in 
Geucial Science is also essential 

Sitmnui Imtiluh in (.hemtslry University of 
Rajasthan, Jaipur 

Tliii U-nine leaiheis including b women 
teat liens iiom four Stales joined the insti¬ 
tute. Most of the pailicipants had a post¬ 
graduate degiec. The morning houis 
weie devoted mainly to practical and 
discussions. The afternoon was devoted 
to discussions on text chaplets, quiz 
pingiammc, films on GIIEM-Study and 
general leetuies. Some of the talks were 
successful in modifying old basic concepts, 
lor example, atomic weights based on 
ctulion 12, < (impounds of inert gases, lole 
of ionization potential and electron 
adinity on the periodicity of properties 
of elements Pailicipants divided them¬ 
selves into groups to discuss: 

1. the ways and means of applying 
the new piogramme m laboratory 
voile in thcii schools, 

2. new lecture demonstrations as 
tools of instinct ion, and 

3. impiovemenl in the teaching of 
basic theoietieal concepts. 

Thiity-sesen expciiments weie per¬ 
formed and 17 to lfl chaplets of the text 
were covered. More than two dozen class- 
100 m demonstrations including some by 
the participants were held. 30 films were 
shown during the rout sc of the institute. A 
number of chapter tests and OIIEM-Sludy 
achievement tests weie administered. 

Group Discussion Report * It was felt 
that pail of the training and experiences 
gained in the institute programme could 
he used even 111 the present set-up. The 



NEW ERLNDS IN SCIENCE EDUCATION 


311 


participants set themselves to examine 
what particular ideas, experiments, con¬ 
cepts they might lake home and use. It 
was felt that the Iaboraloiy manual of the 
CHEM-Stucly maternal is very suitably 
planned to mouse inquisitiveness m 
students, sharpen their power of observa¬ 
tion to place the student m a position to 
get the tin ill 01 joy ol discovery. It was 
also felt that most ol the expci imcnls in 
the laboratoiy manual could be eoveicd 
by the students of higher secondary classes. 
The repoil lists such of those expeliments 
which can be done in Classes IX, X, XI. 
Il was suggesed that the films should be 
dubbed in Hindi il they weie to seive a 
moie useful puiposc. It was strongly 1'elL 
that some of the new concepts such as 
molar concentration, uncctlamlylaolot in 
measurements, oxidation number, etc. 
could be introduced at the si bool level. 
The lepoit also gives the chapters and 
articles fuim the text which could be 
accepted in our picsenl set-up. There is 
also a list of those topics that do not 
come under the pm view of many of om 
present syllabi. 

MATHEMATIltS INSTITUTES 

Summer Inshlute m Mathematics—Kuruksheti a, 

Unweisily—Simla 

Two couiscs of lectures were given, 
24 lectures on geometry and 12 lectures on 
algebra. Two speakers also spoke on 
inteiestmg subjects. Theie were two 
joint sessions with the Summer Institute 
for college teachers of mathematics, also 
held at Simla. There were general dis¬ 
cussions in the afternoons which were led 
by Mr. Perchc. All the participants 
took part in this. There was one dis¬ 
cussion session devoted to objective tests. 
There was no marking of the papers but 
the answers were discussed Everyday 


theie were two lectures in the morning 
followed by informal discussions. In the 
afternoons there were general discussions 
based on SMSG matenal. There was also a 
meeting with the Textbook Panel which 
was meeting at Simla at that time. All the 
mcmbeis of the Panel visited the Institute 
and some of them gave talks to the 
participants. An Association of Mathe¬ 
matics Teachers was formed and the other 
ecnties are being requested to form similar 
associations where the new spirit m 
mathematics teaching could be discussed. 

Faculty evaluation report: In the pro¬ 
gramme of lecLuies, ample time was 
provided for questions and discussions. 
The afternoon sessions were divided to 
pedagogical problems such as implemen¬ 
tation of new programme, testing methods 
and methods of presenting a topic in the 
new contest. The small group discussions 
were held in a more intimate relationship 
Participants who would otherwise have 
been silent asked questions and also 
discussed problems. 

Summer Institute in Mathematics — M.S. 

University of Baroda—Mount Abu 

Each working day was divided into two 
sessions There were two lectures in the 
morning followed by a discussion lasting 
half an hour. 45 lectures m all were 
given. In the afternoons, seminars were 
held from 2-30 to 4-30 p.m. Various 
activities were undertaken m these 
seminars. Participants were divided into 
live groups, each selecting Us own leader. 
The groups picpared reports and also 
gave five demonshalion lessons. 

Summer Institute in Mathematics—North 
Bengal University—Darjeeling 

In the morning sessions there were two 
one-hour lectures, each followed by dis- 
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cussions for half an hour. In the evening 
there wcic ciilical discussions on SMSfl 
texts and occasionally discussions cm 
examination system, syllabus and metho¬ 
dology led by Di. Grossman. For half an 
hour, Di, (iiossman replied to questions by 
participants on school education. In the 
evenings thcic weic lectures by members 
of die Indian stall'. Then- were a few 
objective tests. It was strongly fell that 
unless the teacher’s status was iucieased 
and the examination leformwent hand in 
hand with levision in syllabus, it would 
be vety dillicull to implement the new 


methods of teaching. 

Summer Institute m Mathematics—Mysore 
Ihuvn.uly, Mysore 

llnrts-nine te.uheis liom four States 
attended the Institute, There were two 
Iodines in the morning followed by group 
discussion liom 2 P.M. to -1 p.m. The 
latter wcte led mostly by Di, Shaafwhose 
illuminating talks on teaching mathematics 
had a veiy good lesponse liom the partici¬ 
pants. Two tests were given by Dr, 
Shaaf and two lake-home exercises were 
given by Di. Beni. 


SOME FIGURES AliOUl'TlIE SUMMER INStllini'.S 
The enrolment, slate-wise, is given in the following table' 


Slate 

liinlofiy 

Chemistry 

P/m it i 

Maths'. 

Total 

Uttai Pradesh 

13 

0 

15 

18 

55 

Delhi 

12 

12 

13 

15 

52 

Panjab 

8 

11 

9 

16 

44 

Rajasthan 

10 

16 

10 

11 

56 

Madhya Pradesh 

8 

10 

13 

14 

45 

Gujarat 

4 

6 

9 

6 

25 

Mahaiashtra 

14 

14 

13 

11 

52 

Andhra Pradesh 

20 

20 

12 

16 

68 

Kerala 

11 

10 

14 

9 

44 

Madras 

7 

3 

b 

4 

20 

Mysore 

6 

14 

12 

10 

42 

Orissa 

23 

3 

8 

17 

51 

Bihar 

3 

3 

9 

7 

22 

Assam 

10 

8 

15 

7 

40 

West Bengal 

4 

8 

3 

8 

23 

NEFA 

— 

1 

— 

— 

1 

Total 

153 

148 

170 

169 

640 


Out of G40 participants, 41 were 
lecturers in PUC/Intermcdialc classes, 
23 were lecturers from training colleges 
and 4, lecturers from Regional Colleges of 
Education of the NCERT. The remain¬ 


ing 588 were teachers from High/Higher 
Secondary Schools. 

Out of the 757 names recommended 
by the DPIs only 365 submitted their 
applications and 311 actually attended 
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the institutes. The remaining teachers 
i,e., 329 came horn Central Schools, 
Saimk Schools and schools recommended 
by the DEPSE as well as private schools. 


Out of the 640 teachers, 153 attended 
the Biology institutes, 148 Chemistry 
institutes, 170 Physics institutes, and 169 
Mathematics institutes. 


SUMMER INSTITUTE IN BIOLOGY—DELHI UNIVERSITY 
V PARTICIPANT'S REACTIONS 


For most of the participants the Summer 
Institute was a novel expeiicncc None 
of the participants knew what was to be 
done there and, in a way, it was a leap 
in the dark. Howevei, Dr. B.M. John, 
the Diiectoi of the Institute, had given 
a hint that stienuous woilc would be 
icquircd and that the Institute was for the 
impiovemeni in the teaching of Biology at 
the Higher Secondary stage. 

The lii st two days were spent in orienting 
the participants to the new methods of 
teaching biology (BSCS) in the light 
of cuoimous advances in life sciences. 
The participants fully realized, as they 
had already been doing to some extent, 
that something must lie done and a 
beginning had to be made. 

The full implications of the programme 
could not be understood immediately but 
as time passed it was brought home to the 
participants that it was a revolutionary 
approach to the leaching of biology. It 
was a way of thinking and acting far 
removed from the conventional or tradi¬ 
tional procedures. 

The participants found themselves in 
the very thick of affairs from the day the 
Institute commenced and they continued 
in the same way up to July 13. "Week¬ 
ends were devoted to excursions. The 
excursions were not allowed to deteriorate 
to mere sight-seeing. 

There cannot be two opinions about the 
fact that the Institute has been of 
tremendous benefit to the participants. 


They have not only learnt a new technique 
but have also been acquainted with 
the latest advances in biological sciences. 
They have fully lealized that the tradi¬ 
tional curriculum and methodology would 
lie of no avail and would not be able to 
produce biologists who might be able to 
mb shoulders with their counterparts in 
other countries. Whereas, the metho¬ 
dology is in the hands of teachers and they 
can make innovations and adopt investi¬ 
gatory and exploratory techniques as 
envisaged by the BSSG programme, the 
cuiriculum and examination system do not 
lie in their purview. This is the responsi¬ 
bility of Education Departments of various 
States. Unless they realize the far 
reaching implications of the new pro¬ 
gramme, remove the dull and dead matter 
from the curriculum and include more 
important recent advances, the teacher 
m spite of his best efforts and enthusiasm 
would be able to make little headway. 

Along with the change in syllabus the 
examination system also needs a thorough 
overhauling. As is well-known, the 
examination system at present has reduced 
all teaching to memorization and 
reproduction on the part of students and 
doling out well-organized and judiciously 
apportioned matter to students on this 
part of teachers. This must be changed 
soon, otherwise the teachers may find to 
their chagrin that their efforts have gone 
to waste. 

A,K. ROY 
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News and notes 


si:ikm:k i u.n.vr m-.aium 

IIK results of the Science Talent 
Search Seluilaiship Examination., 
1S1G4 were declared and Uhl students 
w'cic found eligible, for the avvaid ol seho- 
laiships as well as certificates of inciil 
The next IBB students were found 
eligible for the award of ccitiheate of merit 
only All these students will he. awarded 
the badge having the crest of the National 
Council of Educational Rescan h and 
Training and the engraving ■.Science 
Talent Search Scholars 1%T. Auto¬ 
biographical sketches of the aw.udees have 
been collected and punted under the 
caption ‘Scientists of Totnoirow’. 

Some selected essays m .science witten 
by .students at the essay test have also 
been printed for distribution to all the 
secondary schools m India so that the 
students and teachers of science may he 
motivated in the academic sphere, A 
factual report has been prepared which 
gives statistical details of the functioning 
of the entire scheme with a view to 
formulate future programme of follow-up. 

Preliminary arrangements are being 
made for holding workshops at five or six 
different centres in India where the 
talented students will be brought into 
contact with the eminent teachers of the 
universities in various basic sciences, 
Steps have also been taken to popularize 
the Science Talent Search in the country' 
and the application forms and brochures 
have been issued all over the country 
for being transmitted to the eligible can¬ 
didates. 


M'.MIN \K OF M IK.N’OK CONSULTANTS 

'Hie. .Second National Seminar of 
Science Consultants was organized in 
June 1!)G4. The tesults of the Seminar 
arc as follows 

(a) lie.tew of the scheme of Science 
Consultants woik done, difficulties 
eneonnteied and 1 (‘medics for the same; 
consolidation and exj ausion of the scheme. 

(b) Scheme for the linpiovement of 
elcmcnlaiy scinue to lie included in the 
llh Five Year Plan. Recommendations 
were made lor the following items and 
then linamial implications were worked 
out on All-India basis. 

i. In-service training programmes for 
pi inury and middle school tea- 
dim. 

it. Improvement of teacher training 
piogiamme at die elcmcnlaiy level 

ni, Development of science labora¬ 
tories in middle schools, 

iv. Oncniation of Inspectors. 

v Orientation of the science staff of 
the State Institutes of Education. 

vi. Organization of science clubs in 
primary and middle schools. 

vii. Production of supplementary 
reading inateiials in science, 

viii. Establishment of science museums. 

ix. Expansion of Science Consultants 
scheme. 

x. Implementation of recommended 
schemes. 

(c) A guide-book for teaching science 
in primary schools—First draft was pre¬ 
pared at the Seminar and is being reviewed 
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at the Department befoie it is sent for 
publication 

BROLOGY TEXTBOOK PANEL 

Section I of the book biology—A Textbook 
for ffighet Secondaiy Schools pit-pared by the 
panel has been printed. It deals with 
‘Some basic facts about life’ spread over 
nine chapters Sect.on II is leady for 
press and the materials on other Sections 


will be made ready for the press very 
soon. The Central Board of Secondary 
Education, Delhi, has prescribed the book 
for use in the higher secondary schools 
under the Board commencing from the 
seiS on 1964-65. After the books are tried 
for a year and in the light of suggestions 
invited f om the teachers the text will 
be revised and produced as a single 
bound volume. 


SUPERCONDUCTING SEMICONDUCTORS 

Oidinaidy evciy substance offers resistance to the flow of electiicity 
The electrical conductivity of a substance depends on the number of free 
elections m the outermost shells of Us atoms The metals are good 
conductors as in Iheii case the numbci of free electrons is large, whereas 
insulators have tightly bound electrons and are pom conductors, In 1911, 
Katnerlingh Onncs discovered that at a tcmpei'dluic of about 4.2 absolute 
the clcclncal assistance of solid rncicury decieascs sharply and becomes 
practically zcio. Such a substance was termed a superconductor, and the 
phenomenon of complete disappearance of electrical resistance at tempera¬ 
tures near absolute zero as superconductivity. Since then many other 
metals and metallic compounds have been found to be superconductors. 

Besides the conductors and insulators, there is yet another category 
of substances in whose case the concentration of free electrons and hence 
the electrical conductivity is somewhere between that of metal and that of 
an insulator. Such substances known as semiconductors are considered to 
have too few free electrons to be superconducting. Moreover, their 
electrical resistance increases with decrease in temperature. Last year, 
however, Marvin L. Cohen, a graduate student at the University of Chicago, 
suggested on the basis of his studies that semiconductors might also be 
good superconductors, Cohen’s prediction has been confirmed this year 
by the discovery of superconductivity in two of the semiconducting 
materials germanium telluride and crystals of strontium titnate. 

The new finding can be expected to aflect considerably the future 
studies of superconductivity for the simple reason that more work has 
already been done on the semiconductors than the metals. It may then 
be possible to answer the questions like ‘whether or not the substance 
is superconductor’, ‘at which temperature will the substance become 
uperconducting’. 
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Vistas of Science; Piodiuvd by the 
National Science Teachris' Asso¬ 
ciation. Scholastic Hook Sei vices, 
Division of Scholastic Magazines, Inc , 
New Yoik, N.Y. Pi ice pec hook 50c. 

I N this present age new discoveries, 
linpnilant applications, and major 
bieak-thumghs continue to widen out 
vistas of .science, engineering and 
technology, These, expanding frontiers 
produce an impact on society and mou; 
and mote young citizens seek caiecrx 
in science, and people of all ages .seek a 
belter understanding of the scientific 
advances. To satisfy these things the 
National Science Teachers’ Association 
of the United Stales has started the 
production of a series of books under the 
feature ‘Vistas of Science’. In initial¬ 
ing this programme they also aim to 
improve science teaching in schools, 
The books also provide scientific back¬ 
ground for those who are well informed. 

Eight books have been published so 
far, each dealing with a specific area of 
science, such as, spacecraft, astronomy, 
microbiology and chemistry of life. The 
books constitute useful science resource 
and enrichment literature, written for 
junior and senior high school students 
and of value to leacheis and others. 

The authors aie scientists, science 
writers and classroom teachers of rich 
experience and skills, These books will 


he useful additions in any school library, 
The contents and the aica of science 
invited in seven of these books aie given 
below. 

Spacecraft. J \mi-.s J, H vggeiity, Ja,, 
and John II, Woodiiurn, pp. 160, 
1 % 1 >.' 

M ANY studies on the space, and 
sevenal achievements m launch¬ 
ing spat on all have been made, In 
this book ate. described America’s plans 
for .spat e exploration, and the immediate 
applications of space, technology in the 
fields of weather prcdic lion, communica¬ 
tions, navigation, solar ancl aslionomical 
observation, In the last few pages the 
book has a chaplet on ideas for projects 
and experiments which the student can 
do. 

Experimentation and Measurement. 

VV.J. YotiDhN pp. 128. 

T HIS is a project book introducing 
the laws of statistical measure¬ 
ment. There is only one way to learn 
the laws and technitpies of scientific 
measurement and this is to make measure¬ 
ment. The book contains a scries of 
fascinating experiments and methods to 
make instruments, calibrate them and 
put them to work. There are illustra¬ 
tive charts, diagrams and graphs to serve 
as practical reference guides for the 
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students' mleipiclation of hiboialmy 
data. 

Frontiers Of Dental Science. (.!(!. 
P\fI'I.nraiu,i r and Shoi.om Pi \ni,- 
man. pjj. Hit), 1%2, 

T HIS book gives a \ny illuminating 
smvey of the complex integration of 
sciences—anatomy, embryology, physio¬ 
logy, biochcmistiy, genetics, miciobiology, 
pharmacology, biojihvsics, physics, mate¬ 
rials leseaich and anthropology that 
characleiizG modem dental .science. As 
you read the book you will gam raie 
insight into pioccsscs and the scope of 
science as a whole. 

Challenge of the Universe. J. Aiun 
Hynik and N.D. Anderson. pp. 144, 

TPHIS is a fascinating book of facts, 
theory and speculation on tlic science 
of astronomy. Dr. Hynck propounds 
a theory of life on other planets and 
discusses the possibilities of introducing 
plant life into Venus by air conditioning 
that planet. The projects include instruc¬ 
tions for building simple theodolites and 
spectroscopes. There is a chapter on 
relativity which shows, ‘Why man is for 
ever limited to one infinitesimal sectoi of 
the universe^’ 

Microbes and Men. PI J. Simon, pp. 160, 
1963. 

' | T-IIS book will help the reader in 
becoming acquainted with many 
microbes, and with the measures scientists 
use to control these. This is a lively 
up-to-date introduction of microbiology 
for the high school students The 


author discusses bacteria, infection, 
disease and even the latest principles of 
chemotherapy and antibiosis, At the 
end there arc projects and experiments, 

Chemistry of Life. Kai'HHRine 13, 
Hoffman and Aruiie L. Lacey, 
pp 1211, 1961. 

T T NDERLYING all life arc bits of non- 
life atoms and molecules, elements 
and compounds, which the biochemists 
have ventured to explore in order to 
answer, ‘What is life'” The book explains 
the latest advances in molecular biology 
and the chemistry of the cell, as well as 
the concepts and processes behind these 
advances. One is left standing where the 
roads of biology and chemistry merge 
into the bioad fiont of biochemistry. 

The Lore of Living Plants, 

Jouanesvvan Overbeek and Harry 
K. Wong, pp 160, 1964. 

T HIS deals with the story of the 
living plants, particularly plant 
physiology. The Lore of Living Plants 
follows the energy of sun from its 
capture by the leaves its final appearance 
in fruit and seed at harvest time. Why 
do some plants flower in spring and some 
in the fall, and why do trees shed iheii 
leaves'' There is a good discussion of 
what functions physiological processes 
serve and what needs these processes fill 
in the plants. As most plant activities 
are taking place at the molecular level, 
this approach has been followed in some 
places where it was found necessary— 
to describe the exciting discoveries made 
in chemistry and the electronics. 

s. doraiswami 
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Problem Solving in Chemistry. CJi.en 
Tilbury, Lynns and Carnahan, Inc,, 
U.S.A. 

TIE hook deals with ptohlcms 
in mctiie, system, signilicant liguies, 
atomic, weights and molecular weights, 
moles', gas laws, percentage composition 
of solutions, gram-equivalents, liliation 
of acids and bases, dilution and other 
problems in elementary chomisliy. 

A large numhci of piohlcms have 
been solved and ptohlcms to lie worked 
out by pupils arc given. All the steps 
needed in a solved problem are given 
distinctly and theie is no possibility of 
confusion in imdctslanding them by 
students. Helpful diagrams have been 


given heic and theie as an aid to under¬ 
standing of the solution of pioblems. 

Between the Planets. Fleigher g. 
W'Mson, Haivard Univcisity Press, 
Clambiidgc, Massachusetts, U.S.A. 

r PllIS book suivcys the solai system 
-*■ and deals with planets, whirling 
fragments, anatomy of a comet, shooting 
stars, meteor showers and interplanetary 
malciials. The hook also provides figures 
for solar distance, Inteival to Perihelion 
and Icinpciaturc foi parabolic orbits. 

The language is simple, and the matter 
has been presented in a veiy interesting 
way. 

V.N. WANCHOO 
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A New Look at Gravitation 


J. V, Narlikar, 
King’s College , Cambridge 


M ODERN physics can be said to have 
begun about three centuries ago 
with Newton’s law of gravitation. Yet 
gravitation remains, to this day, one of 
the least understood phenomena m physics. 
Last week, Fred Hoyle and I proposed 
a new approach to this problem. The 
point of view leading to the present theory 
can be best described in tire background 
of the evolution of physics since Newton. 

Newton formulated his law in the form 
of action at a distance. The force of 
attraction between two material particles 
is proportional to the product of their 
masses and inversely proportional to the 
square of their distance apart. The 
constant of proportionality, the gravi¬ 
tational constant G, was determined by 
experiment. The remarkable successes of 
this law accustomed physicists to think 
in terms of instantaneous action at a 
distance; and when electromagnetism was 
discovered, it too was described in terms 
of action at a distance. 

However, it soon became clear that 
instantaneous action at a distance did not 
give a complete description of electro¬ 
magnetism—especially where non-stcady 
phenomena such as radiation were 
concerned. The indication was that 
action should propagate with a finite speed. 
In a letter on 19 March 1845, the German 
pioneer of electromagnetic theory, J.K.F. 


Gauss wrote: 

‘I would doubtless have published my 
researches long since were it not that at 
the time I gave them up I had failed to 
find what I regarded as the Keystone.... 
namely the derivation of the additional 
forces—to be added to the interaction of 
electrical charges at rest, when they are 
both in motion—from an action which is 
propagated not instantaneously but in 
time as is the case with light.’ 

The failure to give a mathematical 
description was largely due to the fact 
that special relativity had yet to come and 
physicists were not accustomed to thinking 
of interactions travelling with a finite speed. 

The problem was solved, though in an 
entirely different way, by Maxwell in the 
1860s. Maxwell’s theory, the first field 
theory in physics, gives a description of 
electromagnetism in terms of charges and 
electromagnetic fields. The motion of a> 
charge is given by the value of the field' 
at that point. The fields are related to. 
the motion and distribution of charges by 
Maxwell’s equations. The important' 
point is that the field theory is local in 
character—in direct contrast to action at 
a distance. In Maxwell’s theory, two' 
charges interact, not directly, but through 
a field. Any disturbance in the electro-^ 
magnetic field propagates with a finite 


speed, the speed of light, 

• _:_ - ■ ■ z* i 

Reprinted from, New Scientist 22 (396) ; 730-732, June 1964, with the kind permssion of the Editor. ,, , . , 
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The success of Maxwell's theory 
heralded a new era in physics. Action 
at a distance fell into disrepute and fields 
came to stay. Maxwell’s theory also 
served as the finmmncr of the special 
theory of relativity. Maxwell’s equations, 
which at first looked rather cumbeisome 
in the 10th-Century notation which sepaia- 
tes space from time, look on new elegance 
when expressed in the four-dimensional 
form of special relativity. 

Newtonian gravitation, with its instan¬ 
taneous action at a distance which had 
proved so attractive and successful before, 
now looked inconsistent with the ideas of 
field theoiy and special relativity. In 
fotmulating his theory of gravitation, 
known as general relativity, Einstein 
therefore looked for a field theory. 

Unlike electromagnetism, giavitalion 
has the property of ‘always being there'. 
The electric field of a positive charge can 
be cancelled by that of a negative charge. 
A similar cancellation cannot be effected 
in the case of gtavitation. Einstein 
interpreted this result to mean that 
gravitation is the property of space-time 

In Einstein’s theory, the presence of 
gravitation alters the geometrical structure 
of space-time. Thus, instead of saying 
that planets move in elliptical orbits 
round the Sun, we should say that they 
move in ‘straight’ lines, but the lules 
of geometry which determine what is a 
‘straight’ line are changed. In other 
words, the rules of Euclidean geometry 
do not hold. Einstein’s equations des¬ 
cribe how the geometry is modified by the 
presence of matter. 

There is a clear analogy with Maxwell’s 
theory, in which matter can be likened to 
electric charges, and the variables des¬ 


cribing the non-Euclidean nature of 
geometiy me comparable with the 
eleetiomagnctic fields. It turns out that, 
when the gravitational field is not very 
stiong, Einstein’s equations reduce lo 
Newton’s. 

In spile of the successes of field theory, 
sporadic attempts to revive action at a 
distance were made in the early part of 
the present century. The problem which 
baffled Gauss was finally solved by Karl 
Schwarzsclnld, H. TeLiodc and A.D. 
Fokker, Fokker was able lo express, in a 
precise mathematical form, the concept 
of action between two electric charges 
propagating at the speed of light. This 
theoiy, however, met another stumbling 
block, which can lie described in the 
following way. Imagine two charges, 
A and B, situated one light-hour apait. 
The action leaving A at, say, 5 a.m. gets 
lo B at 6 p.m. The theoiy then predicts 
that B’s icaction to A leaves B at 6 p.m. 
and icachcs A at 5 p.m. There is thus 
a lack of causality here. How can one 
reconcile such a theory with experience? 

This difficulty was resolved in a very 
elegant manner by J.A. Wheeler and 
R.P. Feynman about twenty years ago. 
They argued that the universe does not 
contain just two particles. In the above 
example, one must add the 1 eactions of all 

the remaining paitides C,D,E. in 

the universe. They demonstrated that, 
when all the reactions arc added up 
properly in a static, universe, the result 
given by the theoiy docs indeed accord 
with experience. In doing so, they also 
cleared up one problem which had re¬ 
mained unsolved in Maxwell’s field 
theory. This difficulty was associated 
with the ‘self-action’ of an electric 
charge. 
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Experience shows that, when an electric 
charge oscillates, it radiates energy to the 
universe and as a result suffers a damping of 
its motion This damping arises fiom the 
motion of the charge itself and is. known 
as self-action. Now, it is possible to give 
a desciiption of Lius phenomenon within 
the fiamcwork of Maxwell’s theory But 
owing to its Lime-symmetry, the theory also 
predicts the revcise phenomenon, in which 
an oscillating charge gains energy from 
the universe. Why does nature make an 
arbitrary choice in favour of the former 3 
Moreover, the formula for self-action can 
lead to absurd results such as infinite self- 
acceleration of an electric charge. How 
is this to be avoided 3 

Both these questions are answered by 
the Whecler-Fcynman theory. The con¬ 
cept of self-action is icplaccd by that of 
reaction from the universe, and the awk¬ 
ward infinities do not arise. Moreover, 
the choice in favour of radiation and 
damping is not arbitrary, as in the field 
theory, but is accounted for by the inter¬ 
action with the universe. 

In their calculations, Wheeler and 
Feynman had assumed the universe to be 
static, and therefore inherently time- 
symmetric. In order to get their result 
they had to introduce a time asymmetry 
by making particular assumptions about 
the initial conditions. J.E. Hogarth 
showed that ‘dodge’ to be unnecessary. 
He argued that the required asymmetry 
clid not have to be postulated but was 
indicated by observations; the universe 
is not static but is expanding. The 
Wheelcr-Feynman theory should therefore 
be worked out in an expanding universe. 
This calculation was done by Hogarth- 
and later, in a different form, by Hoyle 
and myself. 



The idea of action at a distance; two objects for 
example the Sun and the Eaith interact with one 
another directly across a gieat distance At first 
it was thought to be instantaneous. 


The idea of a field the Sun (and the Earth, 
too) is surrounded by a gravitational field of force. 
The Sun’s field, not the Sun itself, acts on the Earth. 



Fig, 1. Action at a distance, or field? 


It turned, out that the result of 
the calculation depends critically on 
what model of the umveise is assumed. 
We found, for example, that results in 
agreement with experience (and causality) 
follow in the steady-state universe (which 
is essentially uniform and unchanging 
in space or time) and not in the ‘big- 
bang’ Einstcm-de Sitter univeise (which 
is finite and evolving). 

We were very impressed by this result. 
The action at a distance theory had not 
only cleared its old obstacles but had also 
proved more informative. It became 
possible to draw conclusions about 
cosmology from apparently local pheno¬ 
mena. This has never been possible in a 
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field thcmy, which only ielates purely 
lnr.il quantities. 

If aeLion at a distance is a fiuiti'ul w.iy 
of looking at electromagnetism, theie is 
no mason why it should not lie extended 
to other parts of physics. We were soon 
able, to expiess the, (1 held, winch des- 
nihes the continuous eieation of mallei 
required by the steady-state theory, in the 
form of action at a distance. We were 
then encouraged by this - success to ennsidei 
gravitation. 

The, idea that local behaviour of mallei 
is influenced by the distant parts of the 
universe was put fotwnul by the philoso¬ 
pher Ernst Mach in the last century and 
is known as Math’s piineiple. Various 
physicists have inlerpieted this idea in 
dllferent ways. Einstein himself was 
greatly impressed by it and had hoped 
that it would be, incorporated in general 
relativity. 11 is ambition was not realised 
and one of the main reasons was the 
inherent iiclcl-character of gcneial re¬ 
lativity. Mach’s ideas, as was seen above 
m tlic case of electromagnetism, can lie 
incorporated more directly in a theory of 
action at a dishmee 

In our appioach to gravitation we have 
followed the Einstein view that gravitation 



Time-symmetry : We know that an oscillating 
electric charge radiates cneigy to the universe as 
in (a), and loses energy. In Maxwell’s electro¬ 
magnetic theory, it is just as plausible that the 
oscillating chaige should gain energy from the 
universe—the lilm could, as it were, be run back¬ 
wards. To be convincing, theory has to exclude (b), 

Fig 2. The bugbear of time symmetry 


is to be attributed to the non-Euchdcan 
geometry of space-time. The diffeience 
comes m the interpretation of the incitial 
mass of a paitirle. In gcneial leladvity, 
tliis is tlie iiilnusLC piopeity of the 
particle; in tin: piesent iheoiy, mass 
uuscs hum the lest of Lite particles m the 
univeise. Following the analogy ol 
elcetiomagnetism described above, it is 
possible to give an expression for the 
mass of the panicle in terms of the rest 
of tlie particles m the. universe. 

The gravitational equations aie derived 
horn tlie principle of stationary action 
('sometimes wiongly called ‘least action’). 
Tins mathematical principle has, in the 
past, piovcd immensely useful in the 
derivation of new physical laws. In the 
present case this principle states: 

The actual i paic-time struiluie is such that 
if we alter it slightly (in an aibiliary way) 
the action desnibmg vaiious physical phenomena, 
such as mass, elect) omagnetism, C-field, etc, 
does not change. 

The infciestmg thing is that, in the 
picscnl theory, tlie equations describing 
gravitation follow, mice tlie action between 
particles that leads to tlie property of 
‘mass’ is defined. In gcneial relativity, 
an extra term lias to be introduced and 
Einstein’s resulting equations have then a 
somewhat ad-hoc character. 

The equations of the present theory are 
more complicated than those of general 
relativity. They do, however, admit of 
a simplification in which mass is constant 
in space and time. The equations then 
become those of Einstein! The constancy 
of mass is therefore closely linked with the 
validity of Einstein’s equations. More¬ 
over, because of the similarity of descrip¬ 
tion of mass, electromagnetism and the 
C-field, there is the hope of a more 
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Fig 3, Theories of gravitation. 

complete theory in future which unifies 
the three. This would be the analogue 
of a Unified Field Theory linking gravi¬ 
tation and electromagnetism, so much 
sought after over the last half century; 
though, of course, this new theory is 
without fields I 

I shall end by noting some points where 
the present theory differs from general 
relativity and Newtonian gravitation. 
In the two earlier theores the sign (i.e. 
attraction or repulsion) and magnitude of 
the constant of gravitation G are fixed 
from local observations—formally, G 
can be anything. In the present theory, 


Newtonian Theory: Gravitation is a property 
of mattci • any particle (m,)—attracts any other 
paiticle (m 2 ) by action at a distance, with force— 
G m, m 2 
d® 

G is deli i mined cxpriimi ntally (it is 6 67 X 10“ 
rg.s Units), 

Geiiei.il relativity: Giavitatiou is a pioperty ot 
space-time: paitides liavcl in ‘stiaiglit’ lines in 
space-time but, as .space-tune is dutoiled by the 
picsenoe of matter, the path appears as a curve 
in ordmai y Euclidean space. Reduces to Newton’s 
theory when the effects are weak G is determined 
i xperimen tally 


The New Theory • Gravitation is a property of 
the universe, because the mass of a particle, and 
hence the distortion of space-time it produces, 
arises horn the effect of the rest of the particles 
m the univeisc. Reduces to Einstein’s theory 
when mass is constant. G is deduced Irom the 
density of matter in the univeisc. 


gravitation is inevitably ‘attractive’ and 
the value of G follows from a determination 
of the mean density of matter in the 
universe, in accordance with the ideas of 
Mach. 

The difference can be best expressed by 
the following ‘thought experiment’. 
What will happen to the solar system if 
half the universe is suddenly removed? 
In Newtonian and Einsteinian theories, 
nothing. In the present theory, the value 
of G will go up by a factor two, the Sun 
will become some hundred times brighter 
and the Earth will be fried to a crisp 1 

A more formal point of difference relates 
to empty space. A number of results of 
general relativity and of Maxwell’s theory 
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describe interesting situations in empty form an action In other words, there 
space, Such situations could not arise would Ire no ‘physics’ if the number of 
in the present theory for the simple reason particles rn the universe were less than 
that il takes two particles (at least) to two! 





Our Units of Measurement—IV 

II.K. Pathria 

Ummsity of Delhi, Delhi. 


I N the concluding article, we propose 
to discuss, the units of measinc- 
ment employed in ihc domain of electricity 
and magnetism. In view of the multi¬ 
plicity of systems of electrical units that 
have been in common use, the scope of 
discussion hcie is naturally vciy wide. 
We shall, however, confine ourselves only 
to those aspects of the problem which 
are especially vital foi obtaining a view 
of the whole thing in its piopcr perspective. 

THE C.G S. SYSTEMS Ol- ELECTRICAL 
UNI IS 

The present story starts with the 
pioneering work of Gauss (1777-1855) and 
Weber (1804-1891), which for the first 
time indicated the possibility of measuring 
electrical (including magnetic) quantities 
in terms of the fundamental, mechanical 
units of length, mass and time, and one 
additional electrical quantity. In 1863, 
a British Association Committee, working 
under the chairmanship of Clerk Maxwell 
(1831-1879), recommended the adoption 
of a system of electrical units based on the 
centimetre, the gramme, the second and the 
additional quantity, viz., the magnetic 
permeability of free space, which was 
arbitrarily assigned the numerical value 
unity. Through a subsequent endorse¬ 
ment of this recommendation, by the 
International Electrical Congress of 1881, 
this system acquired the necessary official 
status for international adoption, and 
came to be called the c.g.s. electromagnetic 
system of units or else the ‘absolute’ system 


of units. On this system, the unit 
magnetic pole stienglh (a theoretical 
concept not susceptible of physical reali¬ 
sation) corresponds to the experience of a 
uniL force (1 dyne) of repulsion between 
two identical poles separated by a unit 
distance (1 cm) in fi ee space. Proceeding 
from this definition of the unit pole strength 
and making use of the various derived 
units of mechanics (the unit of force, the 
unit of energy, etc.) one can develop a 
consistent scheme of units, by definition, for 
all the quantities appealing in the domain 
of electromagnetics. 

There was, however, one great dis¬ 
advantage of the foregoing system, namely, 
that the magnitudes of the resulting units 
were not convenient for practical use. 
The 1881 Congress, therefore, set up a 
limited number of so-called practical units, 
which were defined as certain appropriate 
muitiples or sub-multiples, in powers of 
10, of the ‘absolute’ units and were named 
after some of the distinguished workers in 
the held. These were 

1 ampere =10 -1 ‘absolute’unit of 
current, 

1 coulomb =10 -1 ‘absolute’ unit of 
charge, 

| volt =10 B ‘absolute’units of 
potential difference, 

1 ohm =10° ‘absolute’units of 
resistance, and 

1 farad =10 -tl ‘absolute’ unit of 
capacity. 
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In 1889 there followed two more practical 
units, namely, 

1 joule — LO 7 ergs, and 

1 watt =10 7 ergs/sec, 

while in 1893 was defined the practical 
unit of inductance. 

1 henry = 10® ‘absolute’ units of 
inductance. 

A second disadvantage of the e.g.s. 
electromagnetic system of units was that 
its use in electrostatics appeared somewhat 
unnatural and artificial. So a parallel 
system of units came into being, for which 
the additional quantity to form the funda¬ 
mental basis was taken to be the elect!ic 
permittivity oifiee space, with the assigned 
numerical value unity. This system was 
designated as the c g.s. electrostatic system of 
units. On this system, the unit electric 
charge is, by definition, that charge which 
lcpcls an identical charge situated a unit 
distance (1 cm) away in free space with a 
unit force (1 dyne). Again, proceeding 
from this definition of the unit charge and 
making use of the various derived units of 
mechanics, an equally consistent, and 
complete, scheme of units, by definition , 
can be developed. 

In view of the assumption of free space 
having a unit permeability in the first case 
and a unit permittivity in the second, the 
relationships between the corresponding 
units in the two systems involve certain 
powers of c, the velocity of light in free 
space in cm/sec, i.e. approximately 
3X10 10 . For instance, 

1 e.m, unit of charge/current ~3 X1 () 10 e.s. 
units of chargc/current, 

1 e.m. unit of potential difference 

— 3 x l0 1 * r e ' s ' unit P olent ‘ a l 
difference, 


1 e.m unit of resistance ~ —--_ 

~ (3 x 1011)2 

e.s unit of lesistance, 

1 e.m. unit of capacity (3X10 10 ) 8 e.s. 

units of capacity, 

and so on From these relationships one 
can easily obtain the relevant conversion 
factors between the e s. units and the 
practical units. 

We note that the two systems of units, 
viz., the e.g.s. clccliomagnctic and the 
e.g.s. electrostatic, can be used either 
sepai atcly oi as component parts of the 
mixed Gaussian system Of couise, stnctly 
speaking, this scheme docs not constitute 
a basic system of units as such; it is merely 
an arrangement of using the two basic 
systems logetlm. I-Ieie, all those quantities 
which aie predominantly magnetic m 
c.haraetei arc expressed in the e.m. units 
while those which aic predominantly 
electrical in chaiactcr arc expresed in the 
c s. units. The balance in the physical 
equations is achieved by the insertion 
therein of appropriate Conversion factors, 
which are invariably certain powers of the 
fundamental constant c. 

THE INTERNATIONAL UNITS AND THE 
ELECTRICAL STANDARDS 

Although electrical quantities can some¬ 
how be related to the units of length, mass 
and time, electrical measurements based 
upon these relationships—the so-called 
‘absolute’ measurements—are quite 
cumbersome and time-consuming. On 
the other hand, measurements involving 
intcr-comparisons of the corresponding 
electrical quantities arc relatively straight¬ 
forward and capable of much better 
accuracy. Naturally, therefore, it appear¬ 
ed desirable to establish some sort of 
international standards of the leading 
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electrical quantities, .so that all subsequent 
electrical measuiemrnts in (he laboratory 
could he made in direct (oi indirect) 
reference to these standards. 

With this end in view, the Intel national 
Conference of KlrcTriral Units and 
Standards, held in 1908, defined a system 
of International Units which were intended 
to be as close in value as possible to the 
‘absolute’ piaetieal units defined earliei 
but based on ceitain suitably chosen 
material standards. These were defined 
as follows • 

‘The Into national Ohm is the tesislance 
offered to an unvarying cm rent by a 
column of meremy (at the tempciature 
of melting ice), being 14.4121 g in mass, 
of constant eross-scrtion.il area, and of 
length 100 300 cm,’ 

‘The Inlcinational Arnpeic is the unvarying 
current which, when passed through a 
solution of silver nitrate in water (in 
accordance with standard specifications), 
deposits silvci at the rate of 0,00111(100 
g/sec,’ 

However, in view of ihe practical 
difficulties encounter cd in the silver 
voltametci measurements, the committee 
also recommended the use of a specified 
Weston cell as a convenient sLandaid of 
elec.tiic potential difference. The relevant 
unit defined in terms of this cell, namely 
the International Volt, could in turn be 
combined with the international unit of 
resistance to define the eon esponding unit 
of enrienl liven for the resistance 
Mandatd, it was deemed preferable to 
employ ceitain specially designed nianga- 
nin roils rather than a meremy column 

Now, m ordci to ensure the uniformity 
ol the electrical standards, comparisons on 
an international scale are. cloaily necessary. 


Firstly, this would enable one to record 
the drifts in values which the standards 
maintained by the various laboratories 
show with time. Secondly, one could 
take the mean of the values for a pai ticular 
standaid, as obtaining m different labora¬ 
tories, as the Mean International Unit of 
the corresponding quantity; of course, 
for ihe stability of the defined units, the 
Mean Units could not be allowed to drift 
much with time. 

Such comparisons began in 1910 and 
continued till 1948 (beyond which there 
lemained no need to go). In the 1910 
comparisons, made at Washington, stand¬ 
ard resistois and cells fiom Britain, France 
and Germany were compared with the 
corresponding American standards An 
elaborate series of silver voltameter 
expci intents was also carried out, but the 
results were found to vary a lot with the 
type of voltameter used. These results 
were, of course, helpful as a guide in 
assigning the numerical values to the 
c.m.f, of the Weston cells. The mean 
value of the e.m f. for 104 Weston cells 
studied was found to be 1.0183 inter¬ 
national volts. This value was accord¬ 
ingly assigned to the e m.f. of the Weston 
Standard Cell 

With a view to improving international 
cooperation the 6th General Conference 
on Weights and Measures, meeting m 
1921, gave its International Bureau at 
Sevres the duty of establishing standards 
of the electrical units and comparing these 
with the national standards. The Bureau 
accordingly maintained a group of 
standards miginaling from the various 
national laboratories Groups of ‘duly 
standardized’ standards were also main¬ 
tained by a number of leading laboratories 
of the world. Nevertheless, the periodic 



130 


scuooi sen nci 


comparisons went l« shuts that the saint's 
»f the units obtaining in different l.ihoi.i- 
torics continued to have satiations of a 
few pahs in U) 61 

REVERSION TO Till, ‘AltNOLUTE’ ONUS 

As has already been pointed out, the 
absolute circuital measmonenls involved 
a lot of practiral complications and 
demanded a lot of time and dibit of the 
investigator. Thai indeed was the major 
leason why resort had to be made. Vo the 
so-called International Units and Stand¬ 
ards. In principle, howcvei, we ought to 
somehow realize our electrical slanduids 
diieetly in terms of the mechanical units, 
so that there no longer remains a need of 
maintaining any material reference stand- 
aids. It took some few decades Indore 
the ground was ripe for this. In fact, 
as the technique ofuieasuring the 'absolute' 
units further piogtesscd, u stage was 
reached, by 1930, when the 'absolute’ 
ohm and ampere could be realized as 
accurately as their international counter¬ 
parts, Then, there was left nothing to 
be gamed by retaining the latter. 

This was the patent view of the fltli 
General Conference on Weights and 
Mcasuics, which met in 1933. They 
indeed visualised a change-over fiom die 
international to the 'absolute’ units by 
about 1940, thus allowing sufficient time 
for the ratios between the units of the two 
systems to be accurately determined. 
This process, however, got considerably 
delayed by the World War II, and 
eventually came about only in 1948. 
Meanwhile certain other developments 
had taken place which sought for another 
change-over, namely one from the e.g.s. 
units of mechanics to the so-called m.k.s. 
units. The 1946 International Committee 


mi Weights mid Me.ismes took momentous 
decisions, becoming elleclivc from 1st 
Janu.uv I'M!!, which not only incorpo- 
tuicd both these changes into a single 
scheme but also gave list- to a most 
satisfai lory si stem of eleclru al units. For 
a piopei appreciation of this tumsfoima- 
tinn, it bet nines necessary to rc-nanalc 
our stoiv, stalling onto again from the 
turn of the mituiy but keeping to a track 
diffi-ienl bom the pievious one. 

In the wake of the introduction. of a 
numbei of piaetieal units, during the 
pound IfUil-'U, dune lesulted much dis¬ 
cussion about the need for an eaily 
eompleiion ol (lie pi at deal system, so that 
the eontniued use of (lie mixed (Gaussian) 
set ol units tould lie avoided. The most 
Imilful suggestion in (Ins diieelion came 
bom Piofessor Gioigi of Rome who, in 
1901, [imposed a new system of units, 
width was plated for eonsicleilion before 
the International Electrical Congress of 
1904. In this system, the metre replaces 
the cenlimcue, the kilogramme replaces 
the gt.mime, the second remains as such, 
while the magnetic, permeability g 0 of 
lice, space is chosen to be a dimensional 
constant with mmiciical value different 
bom unity. The derived units of energy 
and power in this system turn out to be 
just the practical ones, namely the joule 
(~10 7 eigs) and the wait ( —Id 7 cigs/sec), 
respectively. The unit of clccttic current 
can, using Ampere's law, be defined in 
terms of (i) the force of interaction bet¬ 
ween two parallel, infinitely long, cuncnt- 
carrying conductors, (ii) their distance 
apart, and (lii) the petmeabilily of the 
medium in between. The relevant foi- 
mula for the fence experienced per unit 
length of eithei conductor is 

F=2g I,I a /r, 


(D 
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where the symbols have tlieii usual 
meanings. 

Let us now recall that for such a pair of 
conductors the interaction force, rn 
dynes/cm, for a flow of 1 e.m. unit of 
current in crthci of them, with a separation 
w vacuo of 1 cm, is equal to 2 Obviously, 
then, the inteiaction force, in newtons/m, 
for a flow of I ‘absolute’ ampere (=1/10 
e.m. unit) of current in either of them, 
with a separation in vacuo of 1 m, would 
be2xl0 -7 . Thus, the‘absolute’ampere 
would become the natuial unit of current 
in the Giorgi system provided that we 
assign a value of 10 -7 to p () . On then 
follows the natural sequenceol units - 

(i) the coulomb as the unit of charge, 
being the amount of electricity 
transported in 1 sec by a cuilent 
of 1 ampere; 

(u) the volt as the unit of potential 
difference, being the difference of 
electric potential between two 
points of a conducting wire carry¬ 
ing a current of 1 ampere when 
the power dissipated between these 
points is equal to 1 watt; 

(in) the ohm as the unit of electric 
resistance, defined in terms of the 
volt and the ampere or in terms of 
the rate of dissipation of heat (in 
joule/sec or watt) due to the 
passage of an ampeie of cunent 
through the resistor; 

(iv) the farad as the unit of capacity, 
defined in terms of the coulomb 
and the volt, and so on. 

The system of units suggested by 
Giorgi, with f‘ 0 =lCT 7 (henry/m)*, is 
thus possessed of the supreme merit of 


having the ‘absolute’ practical units as the 
very natuial and fundamental units of the 
system itself. His suggestions, therefore, 
deserved a very sympathetic and seuous 
consideration, however, for a period of 
ovei thirty yeais since the suggestions were 
liist made, nothing tangible came out. 

It appears worthwhile to point out here 
that, instead of proceeding on the basis 
of the Ampere law, one could as well make 
a start by defining the unit of chaige On 
the basis of the Coulomb law of force 
between electric charges at rest, namely, 

Force of interaction = C ^ |—, (2) 

where £ denotes the elcctuc permittivity 
of the medium concerned. Now, we know 
Lhat 1 e s. unit of charge experiences, when 
situated at a distance of 1 cm from an 
identical charge in vacuo, a force of 1 dyne. 
Obviously, then, 1 ‘absolute’ coulomb 
(= c/10 e.s. units) of charge would 
experience, when situated at a distance of 
1m from an identical charge in vacuo, 
a force of approx. 9x10° newtons. Thus, 
the ‘absolute’ coulomb would become the 
natural unit of electric charge provided 
that we assign a value of approx. 
1/(9 XlO 9 ) to £ 0 , the permittivity of free 
space, one can readily verify that the 
relevant unit for £ 0 would be farad/m*. 
Indeed, the numerical value of the 
quantity 1/(^0 € 0 ) I is approx. 3 x10 s , 
the free-space velocity of light in m/sec. 

We thus see that a fully self-consistent 
scheme of electrical units is obtained 
by adopting the three m.k.s. units of 
mechanics, along with a fourth (electrical) 
unit, such as the ampere (realized by 
assigning a definite value to and 
making use of the Ampere law) or the 


It may be noted that this value of ft- 1 is exactly the equivalent of 1 e.m unit of inductance/cm 
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roulnmb (icalizcd by assigning a definite 
value to f n and making use of the 
(toulomb law). In terms of the, b.tsie 
set of four units, one ran define quitr un- 
tmliigmusl}' the whole multitude of units 
met with in eleeUirily and magnetism. 
Of course, the simplicity lost in achieving 
this end is more, than obvious from the 
unwholesome values attiibutcd to the 
piopcrties and G 0 of the free space. 
One may, however, look at these values 
simply as certain constants of nature - 
the so-tailed 'magnetic and etechu. spare 
constants’- - just as we have the t nnstant 
of gravitation (1 It must he clearly stated 
that the manner m which the, values of 
these two constants have been treated as 
adjustable is, speaking from Hist principles, 
no mote atbitraiy than the process of 
adopting the fundamental units themselves. 

Well, it was only in lIDft that the 
Inlet national Electrotechnical Clommssion 
resolved to adopt, in piineiplc, the afore¬ 
mentioned Giorgi system of units, and 
even recommended that this should he the 
name of the system. However, in a 
number of countries, it had cailier been 
railed the m.k.s. system, and this termi¬ 
nology has persisted. Of course, a mote 
appropriate designation would be the 
‘m.k.s.a. system’, indicating as well the 
fourth unit, which was finally chosen to 
he the ampere, as an integral part of the 
basis for this four-dimensional system. 

TUB RATIONALIZED UNl'IS 

Having evolved a system of units 
possessing the desired property of leading, 
in quite a natural manner, to units 
which arc, by and huge, identical with 
the ones employed in practice, wc had 
to face yet another problem in this field. 
This problem, commonly known as the 


‘rationalization’ of the system of units 
employed, is no doubt rniieli less funda¬ 
mental tinin that of the evolution of the 
.system itself. Plainly speaking, it doesn’t 
at all (onstitute a mattci of necessity; iL 
is piimuiily oi an aesthetic and/or intui¬ 
tive otigin. It started with the English 
physicist Oliver Heaviside (1050-1925), 
who actually waged a life-long battle over 
it, fiotn the simple observation that in the 
eleetioinagnrtie equations and foimulae 
the factor (4wj appeals at rather inappro¬ 
priate places and tt does not appear where 
it might be expected to. For example, 
one would expect it to appear in the 
formulae ielating to problems involving 
spherical (cu e.ylmdiieal) symmctiy, and 
not in those involving planar symmetry, 
Jloweser, very olten the actual situation 
is the vciy tcverso of this; lccall, for 
instance, the foimulae lot the capacity of 
cylindrical and parallel-plate, condensers, 
etc. A situation like tins appeared quite 
irrational to any one who looked at things 
the way Hens iside did. 

It was specifically pointed out by 
Heaviside that the lbregoing defect could 
he. remedied by inserting an additional 
factor of I/( l tt) on the. right-hand side of 
the: Coulomb law. Tins would restore 
the, factor (dir) to places where it is expected 
to lie and remove it from places where 
it stands unwanted. Among the typical 
changes this mocllflraticm brings about 
in the formulae of electromagnetics, two 
major ones are the disappearance of the 
factor (d-rr) from Maxwell’s equations for 
the electromagnetic field ami also from the 
statement of Gauss's theorem. 

Lorentz (lHSH-HIlill), the famous Dutch 
physicist, was so much impressed by the 
foregoing proposal that he readily adopted 
it and, in consequence, cliosc to modify 
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the unit of electric charge by a factor of 
V^tt ; this would indeed leave the value 
of £ 0 > and hence of as well, unchanged. 
However, one can readily sec that if one 
finds it obligatory to modify the expression 
for the Coulomb law, as suggested by 
Heaviside, to 

Force of interaction = c lLSU. (2-a) 

it is best to combine the new factor with 
the permittivity of the medium rather than 
with the charges involved. For, this way, 
we would cause a minimum of disturbance 
in the Giorgi scheme of units. In relev¬ 
ance to (2-a), then, the permittivity 4 0 of 
the free space would be approximately- 
10~°/(36 tt) farad/m. At the same time, 
the Ampere law (1) would have to be 
written as 


with the permeability fi 0 of the free space 
exactly equal to 4tt x 10 -7 henry/m. It 
may be mentioned here that with this 
mode of ‘rationalization’, as the process 
has come to be called, it is only the units 
of the magnetic field strength H, the 
electric displacement D and their deri¬ 
vatives (such as the magnetomotive force, 
etc.) whose magnitudes get changed by 
the factor (4 tt); all the basic units of the 
system, such as the ampere, the coulomb, 
the volt, etc, remain unchanged. 

Needless to say that, in principle, any 
system of units, the e.g.s. electromagnetic, 
the e.g.s. electrostatic, the Gaussian, or 
the Giorgi, could be had in the rationalized 
as well as the unrationalized form. It is, 
however, only in the case of the last one 
of these that the rationalized form has 
attracted particular attention. 

* It may be mentioned in passing that in this 
dynes, was designated as the newton. 


THE FINAL DECISION 
The 1935 resolution of the International 
Electrotechnical Commission, which 
sought to adopt the Giorgi system of units, 
was confirmed by the International 
Committee on Weights and Measures in 
1946. This Committee held that from 
1st January 1948 the official system of 
electrical units should be the so-called 
‘absolute’ system of units, based upon the 
m.k.s. mechanical units, with a defined 
permeability of free space as 1 O' 1 units. 
The decision concerning rationalization 
was, for the time being, kept pending. 
For a short period, both the rationalized 
and the unrationalized forms of the 
Giorgi system were in use, but in 1950 a 
decision was made in favour of rationali¬ 
zation, the magnetic (free) space constant 
then being 4irXlO -7 units 1 ' Further, it 
was resolved that the magnetic space 
constant is to be realized by way of current, 
i.e with the help of the modified Ampere 
law (1-a), holding that‘one ampere is that 
unvarying current which, when main¬ 
tained in two parallel, rectilinear, conduc¬ 
tors of infinite length and of negligible 
cross-section and separated by a distance 
of 1 metre in vacuo, would produce between 
these conductors a force of 2xlO -7 
newton per metre of length.’ Of course, m 
standardising laboratories, the actual 
equipment with which the ‘absolute’ unit 
of current is realized in practice is a 
precision current balance. 

It appears of interest to mention here 
that at the time of adoption of the ‘absolute’ 
electrical units, in supersession to the inter¬ 
national ones, the relationships between 
the two sets were given as under: 

1 international ampere=0 99985 
‘absolute’ ampere, 

very meeting the unit of force, eq 'ailing 10 J 
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1 mlei national nlun -* 1 .()l)i(l‘l 
‘iiliifilutt’’ ohm, 

U'lU’IHT it idllnW't ill, it 

Iintei national voli l Illlfl 11‘absolute' 

Volt, 

mill so mi for othei rrl.itrd quantities 

Thus, we finally havi' a latimi.ili/nl 
system of ‘absolute 1 units, eimdnling mi 
satisfactorily the set of practical units, 
which is based on the mrtic, the kilo- 
gramme, the second and the atnpeie, 
hence the name batiotiali/ecl m.k.u. 
system of units', The associated values of 
the lice space, constants are 

^-‘klO" 7 henry/m, 
and 

| |N 

So* farad/m. 

d()7T 

Since 1950 great strides have been made, 
in adopting the new system of units, with 
the result that at picsenl it is almost 
universally employed in the elediieal 
engineering woiks, and is widely used in 


textbooks (inirerned mainly with the 

domain of elei Unity and magnetism. 
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P ROTEIN is an essential food for 
all men and animals Without it, 
no man or animal can build or repair his 
or its own body. Protein can serve as a 
source energy for the body. More import¬ 
ant is the fact that protein foods furnish 
building materials for the body proteins, 
the muscles and tendons, and the skin and 
hair. Chemically protein is made of 
simple amino acids. 

Milk Pi oleins 

The protein content of cow’s milk is 
about 3.0—3.4 per cent, buffalo’s milk 
3.4—4.2 per cent, goal’s milk 3.7—3 8 
per cent and human milk 1.2—1.5 
per cent. The proteins of milk of buffalo 
and goat resemble proteins of cow’s milk 
in respect of amino acid composition. 
When milk sours or when a small amount 
of acid is added to milk, a white curd is 
formed. This white material which can 
be freed from the whey by means of heat 
and pressure is called casein. It is the 
principal protein in most lands of milk 
and is widely recognised as a perfect 
protein. Casein exists in the milk in the 
form of rather large colloidal particles 
and forms about 3 per cent of the cow’s 
milk Casein contains considerable 
quantities of calcium and phosphate. 
Casein is present in the milk as calcium 
caseinate, and this gives skim milk its 
white turbid appearance. Casein is very 
rich in dietary essential amino acids. The 


essential amino acids are those that are 
not synthesized in the body and they 
must be present in food-stuffs. Other two 
proteins of milk are lactalbumin and 
lactoglobulin, which are present to the 
extent of 0 5 per cent and 0 05 per cent 
respectively. Because of the ready avail¬ 
ability and high nutritive value, casein 
has assumed more importance in nutrition 
than other milk proteins. As regards uses 
other than as food, casein finds a prominent 
place m different industries. 

Commercial Production of Casein 

Casein may be separated fiom milk by 
different ways. The first method is known 
as sclf-soui process Slam milk is allowed 
to curdle naturally by the fermentation 
of sugar in the milk to lactic acid which 
throws out casein from the milk. The 
curd is easily separated from the whey by 
slight heating. The curd is washed, 
drained, squeezed, ground and dried at 
50-60°C. In the second method known 
as acidification method, dilute hydro¬ 
chloric acid or other acid is added to 
warmed skim milk to obtain a pH of 
4 6-4.8, when the casein is coagulated 
in the form of a curd. Approximately 
0.5 per cent of acidity is required to 
produce coagulation at room temperature, 
but about 0 25 per cent may cause 
coagulation when milk is heated to boiling. 
The curd is washed repeatedly with 
acidulated water, drained, pressed, ground 
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and dticd. 'I hr limit method makes dm 
nfrenn'm, an rn/wnr i.ipahlrui I'wgulat- 
mg easem hour milk. Rrnniis i-- a .ab¬ 
stain e ih.n i.m In* rMiuiitd hour the 
(hit'll stomai lies t<l suikling t.ihe. lt\ a 
sululinn of sodium r him idi . I In • 1 nlntimi 
is uiaiketed undri tin’ name of icimet 
About t iiunies ill rnmri I'm evciy Imt 
gallons nl imlk aie added at a/ C. Alter 
incubation I'm smnetnne the i mil is i ut 
and well suited, then heated slowly to 
aO-GO'Cl to hasten the sejiaiatimi nl wires, 
The separated iasein is washed, ihaineil, 
ground and dried. Casein pirp.nalimts 
obtained by diileient methods dillei 
slightly: sell-sum iasein has bettei 
solubility; easem obtained by a< tdiln atimi 
loims huge lumps dillu lilt to wash being 
i.imsetpiontly of variable quoins. Casein 
prepaml by leiinel methud is must suitable 
in plastic industiy. 

V.hanna is the easem made dnmestii ally 
m India and neighbouring countries limn 
boiling milk by the addition of lemon juice, 
acid svhey or sometimes tartaiie at id. 
The acid coagulttles casein and hmiing 
precipitates much of the. soluble pioteius 
of the milk. The dot containing the milk 
lat is sepaiated Horn the whey by draining 
and pressing. The ptochiet is laigcly 
used in cooking and Ibi the piepaiation ol 
sweets and confectionery. Sometimes 
channa is allowed to ferment and the 
fermented product gives excellent texture 
to the sweetmeats made with such product. 
Th epanir of Afghanistan is made in similar 
way. In the Shcrpa areas of the Hima¬ 
layas and in Tibet suiplus lassi (butter¬ 
milk) is heated and clot, mainly consisting 
of casein, together probably with some 
precipitated soluble proteins, is strained 
in bamboo baskets; this is either air-dried 
(churpe) or dried in bamboo baskets under 
the lire place (churkom). 


<>rm nil 1’ti jm lirs of Casein 

I In i ommeii ial i asem is a yellowish 
■.-.hili' powder (oiuaining some adsoibed 
vitamin-.. Covin keeps well if stored m 
lea.un.tbly diy conditions. Otherwise 
putii I",ii bun lakes plot e if it is moist. It 
i, insoluble m water and alcohol but 
soluble in alkaline solution (kiscm under¬ 
goes liwholvsis, oi decomposition into 
i ousting nt amino at ids in sliong and hot 
aetii solution',. The iso-eleetiic point at 
winch easem becomes most insoluble lies 
at [ill l.ti. So casein is eommeidaily 
sepaiated by lit urging its environment 
i lose to die iso-eleeti it point of casein, 

I his is germ ally done by the addition of 
ah oliol, ,ti ids 01 sails, by heating oi by 
(lie ovlioii of icimin. 

Milnlii’i I Vi/km 11 / Cast w 
Foi iiiaiiueiiaiiee ol adult nits, casern 
is slightly supetiur to groundnut proteins, 
loir piomotmg tlie growth m young rats, 
i asein is of tire same older as beef pioteins 
and whole egg pioteius, being superior 
to wlie.il gluten and groundnut proteins 
but interior to egg albumin. For human 
beings, cooked casein is supenoi in 
nutritive value to wheal gluten and ground 
mu proteins, neatly equal to beef proteins, 
hut distinctly inferior to egg proteins. 
Tlu: biological value and digestibility of 
raw casein, for human beings, are im¬ 
proved on cooking at low temperature 
while at high temperature these values 
are reduced. 

Use of Casein as Food and Medicine 
In India channa is the. chief raw material 
of all sweetmeats. Fried channa balls are 
used in curries and food preparations. 
The use of casein, cither in modified or 
hydrolysed form, for human consumption 
is steadily increasing. As caseinate of 
alkali metals, it is the principal ingredient 
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of many of the patented and medicinal 
foods on the market, paiLicularly those 
piesmbed foi infants, dyspeptics, diabetics 
and peisons suffering tioni tuberculosis. 
In these preparations odnuiless, tasteless 
and light-colouicd casein is used and its 
percentage may be as high as 95 In 
medicines, casein is also used as a vehicle 
for the adimnisUation of iodine, non, 
lithium, arsenic, mercury, etc Moreovei, 
casein forms compounds of therapeutic 
values with salicylates, acrolein, liydro- 
biomic acid and liydiiodic acid, Casein 
is also used as an emulsifying agent for 
oil for internal administration. Casein 
hydrolysates of therapeutic values are 
veiy common in the market undci different 
trade names. Many preparations of com¬ 
posite protein food fiom casern have 
been made Casein is incorporated m 
bread and biscuits, The caseinatcd food 
products are now being used to overcome 
the protein malnutrition in infants. 

Other Uses of Casern 

In the U.S.A. and other important 
milk-producing countries the suiplus skim 
milk, instead of being wasted, is treated 
to collect casein which, finds various uses 
in industries In the paper industry cascm 
is used extensively for paper coating where 
it serves as an adhesive to bind such 
finishes as clima clay, satin white and 
colouring materials, to the surface of 
paper in such a manner as to make them 
an integral part of the paper. Casein 
is made into glues and pastes and they 
are used in wood and plywood industries 
in the making of automobile body frames, 
pianoes, furniture, doors, refrigerators and 
general uses where a water resistant glue 


is desired. Casein glue is specially used 
foi binding linoleum to the running boards 
oi automobiles. For fixing labels to cans 
and glass containers special casein glue is 
used. The plastic industries utilize a major 
bulk of casein Lo manufacture with form¬ 
aldehyde a pi oduct known as Galaith for 
use as a substitute foi horn, celluloid, 
bone, ivory, ebony, amber, etc. Made in 
sheets, tubes and rods this plastic finds vari¬ 
ous uses m the making of a wide variety 
of staple and novel goods such as jewellery, 
beads, combs, buckles, buttons of all 
shades and colour, cigar and cigarette 
holdcis, dice, electrical insulation and 
switch plates, handles of all kinds, manicure 
and toilet sets, pen holders, lountain pen 
barrels, pencils, pipe stems, radio paits, 
spectacle frames, etc The advantages of 
casein plastics are many , they are odour¬ 
less, non-inflammable and cheap, they are 
easily turned on a lathe, readily sawed, 
drilled, dyed or glued and take a high 
polish; they aie well adapted to moulding 
of simple designs, Casern is used as a 
binder in the making of cold water painL 
foi interior and exterior application. 
Powdered casein, hydrated lime or other 
alkalies, pigments and fillers in proper 
proportions are intimately mixed and 
soaked with desired quantity of watci 
Casein paint is used for covering canvas, 
wood, stone, cement, masonry and metals. 
This paint can withstand rain and 
weathering. Casein is the raw material 
for manufacture of casein fibres or casein 
wool. Casein is dissolved with the help of 
alkalies, and the solution is forced through 
tiny openings into a coagulating bath 
containing materials that harden the 
fibres. 
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| Bumn \ 11 a tficnt a<lthti»H hi the < rnu mg jnuuly "/ uinur. The young subject 
has nliniily tilliin led into its fnhl n Ini,"/ hand >>/ irmiielms funn dif/ennt 
diuiplincs like lnol«jiy x /»/i y.i/»/.(.•; y. fdn\u\. ilnnmhy, mnthnnnlu r, rl celt onus and 
engineeiini;, Hwnin lelnles to the stinlv of lmln«ual mnhanism of animals with a 
view hi tuloplimi them in the fowl <>/ eleitrmm mm limes. '1 he aim of bionics is 
to develop mtuhmcs whit It can \ste', 'lour', ‘until'. <n 'sense' a situation and act 
accoidinply Humus it a union of bi'dmye with eleitionin. -miron. ] 


B ionics, the offspring or bi<>iog>\ 

mating' with clertmnii s, is ait 
additional vast mitre ol' tuu.it turn lm 
mathematics, cybernetics, pli\sirs and 
chemistry. Klecltoiiies in particular and 
technology hi genet al must continually 
lind mote ellieiem solutions to their 
ptoltlems. Il is llu: job of bionics to 
provide them with new devices boriowed 
from the, living world, Far removed from 
the rigid framework of the traditional 
sciences, bionics lias aheady led to gteat 
many discoveries. Wc will take a quick 
glance at some recent borrowings of 
techniques from the animal woild. lint 
the keystone of bionics is beyond doubt 
the study of the human brain and die 
possible applications of this study in 
designing electronic computers. 

What is more, the new impetus bionics 
gives to the life sciences, gives us a better 
knowledge of man and the, living world, 
dissecting as it docs some of the most 
subtle and the most cunningly hidden life 
mechanisms. And there arc occassions 
when, as a return, it can enable medicine 
to improve the operation of a deficient 
human organ. 


Among tlio devices technology has 
bon owed fioin life, we should mention 
tin' vilnating gyioscope. The ordinary 
gyioseopc, intended, because of its accu- 
r.uv, to replace the iiadilimial navigator’s 
compass, (onsisis ol a wort of fast spinning 
lop lived m a liame. No matter what the 
movements of die ship or the aircraft 
rallying it, the little v\billing disc main¬ 
tains the same diicclion, and tells the 
pilot liis course. Now, certain insects 
have what tire apparently vibrating rods 
behind tlieii wings. These lods fasci¬ 
nated lese.uib woikeis, who learned that 
they ropie.senlcd a device similar to the 
gyioscope and, tlnough their inertia, 
hilbimed the insect of its changes of course. 
The vibiatinggyioscope dcuved from this, 
more act urate than the totaling wheel, 
i.s now being widely used as an aid to 
navigation. 

The common crayfish in our streams 
has an accurate mgan of balance, sensi¬ 
tive to the slightest vibrations or move¬ 
ments and far superior to our inner 
car. Its exact structure has yet to be 
determined, but tins type of mechanism 
will be very precious in enabling future 


Repioduced. from "Science Today”—A progress report in Rl.vmty, No. 154, September 1965 with 
kind permission. 
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explorers under land and sea to find horizon. Aircraft that operate in the 
their bearings. polar regions are nowadays all equipped 

Another, and different, principle of Wlth a P oIanzed oricntatlon illdicator 
navigation is a bee’s eye, composed of faithfully copied from this compound eye. 

many independent facets. It is sensitive We know that radio communication with 
to the polarization of daylight phenomenon submerged submarines is very difficult, 
our human eyes are incapable of detecting because ordinary electromagnetic waves 
without special optical aids. Thanks to are quickly absorbed by water. However, 
this sensibility, bees can navigate by the certain fish have a keen sensfc' of small, 
sun even when it is completely hidden and are perfectly capable of identifying 
by clouds or when it is very low on the odours. It is now'thought that odours are 
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(auscd by tlir* vihinlnm. ill tlir ninli’i ulri 
of Mihsl.mc is piodmim; limn .mil the a- 
vibrations .ui' believed in generate elet tin- 
niagnetic ivavcv. Mb', ladi.ititni. ubin 
r applied by oH.utniy miyie, i* tlmi 
believed In stimulate neive ends .uni 
tmivoke .v cnursponding sensation. 

fnothri winds, their may, lie a I'mpirm \ 
id'waves ihiU is nut stopped bv water. 
Tiie,study of this pheiiimienim wdl pet haps 
offer a mnu* teliable way of cimimuuir.u- 
itigvvilh submerged news than telepathy, 
which Ameiie.uis and Russians aie 
despeiately uy iiig to use time, ,Sometime 
ago the United States Navy i anted 
out tests on possibility of telepathic 
eomnnmieatiotJ of a veties of live simple 
signals. Results weie deemed to be 
‘interesting’ but ofl'eted no hope of foul- 
pioof enmmumrafton. Obviously, this 
drawback is a seuous one when, fin 
example, someone wants to give the 
order to laueh a missile polavis. The 
Russians look these experiments very 
seriously, and paid dose heed to tesulis 
published in the United States, 

Thetc are exotic fish that surround 
themselves with an electromagnetic field 
by using nothing less than a generatot 
located near their tails, A dorsal detector 
enables to feel any variations in this field. 
In this way they can sec a hook behind 
them, anti the slightest movement in any 
direction is indicated to them. So under¬ 
water communication may lie possible 
without using cables, and this may also 
provide ways of studying submarine /ones 
inaccessible to us. 

The bat releases ultra-sounds inaudible 
to the human car. These are reflected by 
objects near at hand, producing echoes 
that tell the bat where the obstacles arc 
or whether there is prey in its vicinity. 


Oni miii, u. the Mime kind of device, was 
invent! d independently of its animal foie- 
i minei the similar ity being discovered only 
lmei Hm certain moths have sensitive 
nigaustli.il warn them as soon as the beam 
id nln.i-somuK sinkes them; the insect 
knows it lias been ‘seen’ lw the bat. Once 
we have binken clown the mechanism of 
ibis hiddi 11 sense, we mnv be able to apply 
it to om own problems, 

I.veu today stoims at sea uic a night¬ 
man* in seamen. Yet animals get an 
advance warning of this danger. Gulls 
fly mmmd excitedly, dolphins take shelter 
neat nicks, whales head out to sea, and 
jellyfish chop down into deep water. 
They can sense ibis danger by listening 
to the noise of the storm in ultra-sounds 
whose lietpiciicy is beyond om cais, An 
allifiei.il ‘eat' that piiks up these sounds 
peifectly lias been cotistiuelcd by biophy¬ 
sicists .n the Univei.sity of Moscow. This 
device gives a fifteen-hour wanting of a 
blow, supplying us direction and even its 
slienglh. 

A good many other examples might be 
mentioned. We certainly .should not 
overlook the rattlesnake, which can detect 
tempcrutuie changes of one-thousandth of 
a degt cc centigrade. But generally speak¬ 
ing, it is now certain that the systematic 
study of these ingenious natutal solutions, 
overlooked or misunderstood lor a long 
tune, will piovitle. thousands of appli¬ 
cations in solving human problems 

But the path along which bionics is 
developing most rapidly of all is the study 
of (lie human brain, the natural model for 
the development of electronic computers. 
At the present stage of their evolution, 
these computers have reached a crucial 
point, where their growing complexity 
creates the need for such a model. 
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HOW THE HUMAN BRAIN WORKS FOR 
ELECTRONICS 

In iccciU yeais electronic brains have 
developed extremely lapidly. A dozen 
years ago, before transistors, electronics 
was still at the vacuum-tube .stage. No 
one could envisage an electronic brain 
comparable to the human one. Indeed, 
such a machine would have required all 
the power of Niagara Falls to function— 
and all the water in the falls to cool its 
circuits. 

Since then, progress m electionics has 
divided the size, powei requirements and 
heat radiation of such a machine by one 
thousand. Wc are still a long way fiom 
the efficiency and compactness of the 
human brain-pan, but research is making 
headway Increasing knowledge of living 
nervous systems and of the way in which 
information is perceived, learned, classi¬ 
fied, compared, and retained, will permit 
the construction of better-organized elec¬ 
tronic biains. 

Mathematicians and specialists m 
system analysis are being guided in this 
by the biologists. Chemists, physicists 
and electronic engineers offer computer 
builders’ new materials that correspond to 
the flexibility in operation of living systems. 
This is why a symposium held at Dayton, 
Ohio, where the term ‘bionics’ was 
invented, embraced subjects ranging from 
the properties of neurons to the entnely 
self-programming computers of the futures 

Machines are now being constructed 
that will play the role of the eye-brain team 
m man. At Princeton there is a device 
that can ‘sec’ and recognize the size and 
shape of objects. It can also delect 
changes in an image with mobile compo¬ 
nents. The electronic brain interprets 


what it learns from a series of photo¬ 
electric cells. 

The final stage would be the equivalent 
of the living eye with all of its functions, 
capable of deciphering and interpreting all 
images, whether printed, diawn, or 
received on a ladar or television screen. 
In the same way, electronic ‘ears 1 are 
being studied so that artificial minds can 
interpret verbal instructions 

The complexity of machines rivalling 
the brain even in a few clearly defined and 
specialized functions is almost impossible 
to imagine. Such devices will have to 
contain hundreds, even thousands of 
millions of parLs. Our success depends 
upon our ability to produce these parts 
cheaply, accurately and in the smallest 
possible size The cross roads of low 
tempeiatures will give us a glimpse of the 
opportunities olfeied by superconductois. 

Meanwhile, using moletromcs and Ihin- 
film techniques, we can construct miniatur¬ 
ized circuits so small that twenty thousand 
different parls—each of them doing the 
work of an ordinary radio tube—could be 
placed on a postage, stamp. It is this 
extreme compactness that allows us to 
foresee decisive progiess but, at the same 
time, it does raise the problem of the best 
possible organization of various circuits 
Here, the study of the connections and 
relationship between parls of the brain 
can help scientists. The study of a neive 
cell—the neuron—can inspire them with 
ways of connecting and conceiving a 
multipurpose switching unit. 

The first goal is the creation of self¬ 
programming machines capable of organiz¬ 
ing their work themselves, forerunners 
of such devices—still very rudimentary— 
do exist already. For example, RCA’s 
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transatlantic iadin service is handled over 
parallel ehainiels which ate used .ihei- 
nately, depending uptm flieii bud and 
atmnspheiie conditions, A machine 
chooses the path to he taken hv e.nli 
message, autl no one can s.iv in advatu e 
which route will he adopted. 

Before we ran attempt much mmc 
complex machines we shall have to make 
gicat advances in good mans fields, 
partinilailv in the development of new 
mathematical methods. But above all 
bionics must increase mu knowledge of 
the brain and of the innet mechanisms 
of thought. On the one hand, we expect 
it to provide inhumation on the layout 
of future computers; and on the other, 
out knowledge of mu selves and of oui 
functioning as conscious beings is making 
steady pxogress. In this way bionics 
establishes a two-way current ol informa¬ 
tion and reseaich, stimulating both the 
life sciences and technology. 

Its applications are occasionally .specta¬ 
cular and 1 datively easy. For example, 
scientists learned how muscles are stimu¬ 
lated by impulses moving along nerve 
fibres, ancl discovered the nature of these 
impulses, From this it was a short step 
to the transistorized artificial paccmakei 
that can govern the beating of the human 
heart in an emergency. 

Still the main object of these studies is 
the brain itself. But remcmbci that our 
knowledge of it is still very rudimentary 
and superficial. Years will go by before 
we can hope to understand the intimate 
mechanism of thought, memory, ancl the 
co-ordination of a human being’s functions. 
But the work has definitely begun, and is 
extremely important, 

At the University of Goteborg in 
Sweden, a team Jed by Professor Holger 


lhdcn is working on the neuron—the 
hasit cell of the nervous system. The 
lunin 1ms about ten thousand million of 
them, ea< h a chemical factory in tmniaUue 
pat liripatiug in a number of mental 
processes, oUen simultaneously. Com- 
paied to this complexity contained in such 
a small spate and working with such 
meompaiable clliciciiey, our electionic 
hiains aie still very clumsy, This does 
not pi event certain scientists fiom working 
haeku-aids and consulciing the human 
hiain as a highly pcifcclotl compuLer, a 
vast sciics of circuits and switches. 

KXH.AIMING dim Wl'ALTII OF HUMAN 
THOUGHT 

it must he stiessed that we aie now only 
at the speculative stage, and research 
workers must be given free rein. Their 
tools are now on the scale of the pheno¬ 
mena under study. Literally to attempt 
to weigh thoughts, we must he able to 
measuie accurately millionths of a 
millionth of a giam. By such methods, 
Hydcn determined the way neurons tians- 
mil nerve impulses. The study of the 
electric natuie, of these impulses was 
fairly well advanced, but little was 
known about what went on inside the 
nerve cell. Hydcn managed to detect 
some of these obseme processes. 

In the neuron the passing of an impulse 
is translated into extremely rapid electro¬ 
chemical reactions, At the time of stimu¬ 
lation, tlie amount of certain proteins— 
their nature varies according to the 
message —suddenly increases in the cell. 
The molecules of this particular protein 
are a material expression of the impulse 
that the neuron sends to its neighbours. 
The rapidity of the appearance of these 
specific substances is explained by the 
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existence aiound the neuron of small 
satellite cells that give the neuxon the 
substances it needs. Thus it does not 
lose any time synthesizing them, Impulses 
can thus be transmitted along a chain ol 
neuions at the rate of 130 feet a second. 
According to Hydcn the brain’s higher 
functions, such as mcmoiy and thought, 
aic explained by the appearance 
of proteins eon esponding to each 
stimulus 

Each neuion can synthesize a numbei 
of different proteins When an impulse 
reaches the brain—when the eye sees a 
green light, for example—all the neurons 
that can produce the protein correspond¬ 
ing to this signal are alerted and begin to 
secrete it. The presence in the brain of 
this piotein makes us realize we are seeing 
this particulai shade of green, makes us re¬ 
member having seen it already. Each of 
the brain’s many neurons can secrete mil¬ 
lions of different pioleins. This leads to an 


astronomical number of combinations 
which would explain the wealth of human 
thought. This might also be the reason 
why it has never been possible to assign 
any of the higher cerebral functions to 
cleaily-deiined areas of the brain 

When you follow this Swedish research 
to its logical conclusion, then conscious¬ 
ness, morality, and all that man does, 
become a matter of molecules These 
ideas were already suggested decades ago, 
but only now has science progressed to the 
point where the brain’s activities can be 
tested experimentally We shall have to 
wait patiently until this research is suffi¬ 
ciently advanced. Meanwhile, bionics 
will have enabled the rational organiza¬ 
tion of clectiomc biams to perform com¬ 
plex tasks. It will not be at all startling 
if, in a short while, meteorology, for 
example, is turned over to computers 
Then man, free of such laborious tasks, will 
be able to do more creative work 
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The Unborn One 


S. Sri Ram 

(.'law XI, ME A Higher Secondary School 
I,full E\Uih\ Hew Delhi 


I HAVE seen hundteds of eggs, yet 
never have I been able to look tin mil'll 
the shell and pciecive the wtmdei within, 
never have 1 been able to appieriate llt<- 
exUa-oidiiuuy genius of Nairn e hidden 
inside the womlei fill egg. Ilmv does young 
chirk, full of life, emerge limn an egg, 
which to all appearance, was a nine bit 
of sticky yolk? I could only find out bv 
examining eggs of various ages 

The purpose of this piojcct was to study 
the chick's development while still in the 
egg. I knew that that time was some¬ 
thing that happened in the egg when a 
hen sal on it, and pci haps that is how a 
chick is foimccl from the egg. 

MATERIAL AND METHODS 

Not much of equipment was needed, 
A few shallow vessels, a pair of line 
scissors, forceps, a needle mounted on a 
handle, a blunt tonguc-dcprcsscr, a 
medicine dropper, a few jam jais, 4 
per cent solution of formaldehyde, and 
normal solution of 0.75 pei cent saline 
were all that I needed. A few rings of 
different sizes cut out from filler papers, 
and a hand lens were my additional 
requirements. 

I had an old box camera which had 
ceased to be of service and which I did 


not llnow away. I had always thought 
that if nothing else, the springs or the 
metal pietes could come in handy some¬ 
time oi the other. When a microscope 
was needed lbr mine detailed examinations 
of specimens, I look oil'all lire lenses and 
i ('assembled them in a ctudboard tube 
using candle wax to fix them piopcrly. 
With my textbook knowledge of optical 
instruments, I managed to improvise a 
working miseiosrope which could enlarge, 
objects neatly 50 limes 

Eoi my project, at leasL a dozen eggs 
of known ages weic needed. Artificial 
hatching was neeessaiy. Knowing the 
icquisilrs of an ailiiicial hatching device, 

I proceeded In model an incubator. 

An old wooden box was taken. To 
this was fixed a night bulb and a hd, 
Three holes of half-inch diameter were 
made on the lop; one on the right hand 
corner, one. on the left hand corner, and 
a third in the middle. I lined the inside 
of the box with cotton-wool (lot insu¬ 
lation) and plugged the two corner holes 
with cotton. A centigrade thermometer 
fitted into the third hole told me the 
temperature of the inside, This was not 
enough, The humidity had to be main¬ 
tained at 50 to 70 per cent. A coffee-can 


Su Ram is a member of Bat Dhavan and National Ctiikhen’s Museum New Delhi This 
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filled with water and a small piece of mud- 
pot kept partly dipping in the water 
helped to maintain the proper level of 
humidity. I refilled the water in the 
coffee-can whenever it dried up. 

All that I had to do to set the incubatoi 
working was to close the door of the 
incubator and switch on the bulb and 
after every two hours or so, read the 
temperature from the thermometer. By 
judiciously opening the two coiner holes 
on the top, I maintained the required 
temperature between 30°~40°G. 

EXPERIMENT AND OBSERVATION 

I next bought a dozen, hen’s eggs from 
a dairy, and marked on them with a 
pencil, the date of puichase, and placed 
them in the incubator. All set, I launched 
on my project. Here aie my obseivations 
in biief. 

On June 10, I opened a fresh 
egg and studied the internal structure. 
An oval ball of yellow yolk in the centre 
was separated from the surrounding 
colourless, jelly-like albumen. On either 
side of the yolk, reaching up to the end 
of the egg was a twisted chord, the 
chalaza (Fig, 1). 

The egg was protected by a thick shell. 
Between the shell and the contents of the 
egg were two thin membranes. At the 
broader end of the egg, the two membranes 
separated out to enclose a little air 
between them. On the dorsal side of the 
yolk was a white speck, the blastodisc, 
placed directly in the centre. 

After waiting foi a day, I opened 
another egg. I held the egg in my palm 
so that it rested on its larger side. I 
then poked carefully a needle on the side 


of the egg, about half an inch from the 
top Then I inserted a pair of scissors 
into the hole and cut round the egg. 
Having done this I lifted, with forceps, 
the top, as if it were a lid. 

To my disappointment I found that 
there was no development m the egg. 

I had misgivings about the effectiveness 
of my incubator. Then someone told 
me that when the cocks are not sufficient 
in number to mate all the hens in the 
poultry, there are chances of some eggs 
being unfertilized. This was news to me, 
for I had presumed that all eggs could 
produce chicks. Now I understand 
that the male unit of leproduction 
(sperm) that is required to fertilize the 
egg does not enter all the eggs and hence 
the existence of unfertiLizcd ones One 
thing I noticed was that the blastodisc 
was always on the dorsal side, no matter 
m which position I held the egg. I held 
one of the eggs in a certain position, and 
then turned it upside down and cut iL 
open quickly, and found that the yolk 
was slowly turning sideways so that once 
again the blastodisc came up to the dorsal 
side of the yolk. So there must be some 
factor that makes the blastodisc always 
incline towards the dorsal side. 

The next few days found me going 
from place to place in search of fertile 
eggs, until by chance I came across a 
poultry farm where fertile eggs were 
being sold. The man assured me that at 
least 80 per cent of the eggs would be 
fertile. I bought a dozen of these eggs 
and placed them in the incubator with 
fresh hopes. 

My persistence did not go unrewarded, 
for after a day of incubation I opened 
an egg and found, to my joy something 
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more than what I had seen in a flesh egg, 
In place of the blnslodisc, a moic or 
less discoid area clearly differentiated 
fiom the remaining yolk suiface was seen 
At the periphery of this aica were a 
number of spots which perhaps had some¬ 
thing to do with blood Within this area 
was a membrane less opaque than the 
outer area This membiane hole a 
thin stick-like structure with a knob in 
fiont. On closei examination I found 
that that was the embiyo which later 
would develop into the chick. This had 
a minute hole at the tip of the head. 
Right down Lhe middle of the embiyo 
lan a thin groove Faither down, on 
either side of the gtoove were six paired 
blocks which made the groove look like 
the spinal coid, while the blocks them¬ 
selves looked like vertebrae in section 
(Fig. 2). 

The nexl day I examined an embiyo 
that had been incubated for two days. The 
embryo that had during the first day of 
development been lying on its back, now 
lay on its side. The chalaza was absent. 
The embryo had the shape of a question 
mark I realised the existence of a small 
bag which became red and pale-pink 
alternately. This was engulfed in the 
anterior area. I recognised this as the 
heart. I traced a number of blood 
vessels through which the blood, fresh 
and wine-red in colour was flowing in 
spurts. This was not so readily visible 
to the naked eye, but my improvised 
microscope enabled me to see the spurting 
movement of blood. These blood vessels 
spread in all directions along the 
membrane surrounding the yolk. Why 
does an embryo, as yet only two days old, 
need blood circulation 3 What does the 
embryo feed on, to grow 3 Where is the 
mouth for eating 3 And then why are 


the blood vessels outside the body instead 
of being within it? 

Finally I undeistood, the embryo 
‘feeds’ on the yolk particles Since its 
month is undeveloped, the embryo ‘eats’ 
by another well contrived device. It 
pumps blood to the yolk membranes 
The blood, while passing thiough the 
yolk, takes up a number of yolk particles 
and carries them hack to the heart This 
yolk-laden blood is then circulated within 
(he embryo The embryo thus has two 
types of circulation al this stage—the 
embryonic cnculation and the extra- 
embryonic circulation 

This stage of the embryo had 23 of 
those paired blocks, or somites A 
few drops of saline produced movement of 
the embryo To pieserve this embryo, 
I took a lihei paper ring, a bit smaller 
than the embryonic disc (aiea where the 
embryo and blood vessels he). Placing 
the ring on the embiyonic disc, I cut 
around the filter paper. I then lifted the 
embryo along with the paper ring, using 
forceps, and placed the embryo m a 
petri-dish containing normal saline, solu¬ 
tion. 

After the adhering yolk particles had 
been washed off, I carefully transferred 
the embryo to a pctn-dish containing a 
4 per cent solution of formaldehyde. 

I was surprised at the appearance of 
limbs in an embryo which had developed 
for five days. The embryo was enclosed 
in a sac containing some fluid (Fig. 4). 
The unborn chick had a pair of forelimbs, 
slightly bigger than the hind limbs which, 
unlike the forelimbs, ended in conical 
structures. 

Tfye heart was divided into two 
chambers. Each pumped blood alter- 
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feels when she sees hoi child play and 
glow even day. lhu this piojei i ]maided 
a ue.u substitute' lot exeixdax found me 
wall liing intently the giowlh nl the 
'eliitk’ with inn rasing joy. 

After eight days of developmuit an 
emhrvo is a teal iluill of joy to see. '1 he 
hig outsi/.ed binili, the dispiopoitiotiateh 
huge eyes protiudiiig out of the head, 
the small opening between the two exes 
that later becomes the mouth, the two 
small triangular openings for hearing, the 
huge, licait whieh completely envois the 
front pan of the body, the four big 
folded limbs; all this on a small curved 
body—this is the splendid sight that an 
11-day cmbiyo affords (Tig, ft). 

A beak on tut cmbiyo that does not in 
any way tcscmblc either a bird m a cluck 
is very odd, All embryos younger than 
the 10-day embryo had their eyeballs 
attached superficially, but in the. 10-d.iy 
embryo, the eyeballs were buried and 
covered by the surrounding skin. All 
along, the haul had been outside the body 
but m the 10-day cmbiyo, all but the lug 
blood vessels arising as a continuation of 
die tapering portion had been pushed 
into the body. The limbs w'ere bigger, 
and forked. The skin was covered with 


si n so i 

mail tint, wlmli looked nunc or less like 
huih l ie. ti I soiled all these embryos 
111 bnlthw tniiuuuum 1 pci com solution of 
Imiu.ddchxdr .tod labelled diem accord- 
Ult' In age, 

\ (xseixe-dax emlnxu is in all lespecis 
•miilai (n a lullv giouu chirk; only, it 
i» an.illii, 1 he whole I indy is covered 
with • dkx han>. the hind limbs end in 
Imu wcll-dcxclnped toes and the foiehmbs 
look like xxiiies Tig ft i . When I opened 
a Id-d.ty old egg. I found the eyelids of 
the cmhixn slightly open. 

Taking an uk whaled egg, 2d clays old, 

1 laielullx jieelcd nil' the shell without 
mjmmg the inleiun To mv suiprise, 

1 Iniuid something poking out of die 
mcmbiani's t meting the cmbiyo. I fell 
it wiilt my liugct.s and die dung moved: 

I timid In.u a sipicaking .sound. So dial 
was (he beak . it had pieiird through the 
mcmbi.mt s ibi diaxving an liom the air 
sac. 1 ton- away the mcmlnanes and 
iiiuncl a chick, ilex eloped in all lespccts 
It jeallx was a wonilci to Imd such a huge 
chick cm low’d m a shell so small as that, 

Two mine eggs remained, and they 
weir ncaiing tlicit hatching hour,' 1 My 
calculations told me that the struggle 
I'm heedom would stmt sometime at 
midnight. Making a safe guess, I fixed 
my ahum iluik to ring at 2 O’clock. 
The ringing of the bell at 2 O’clock next 
nioiuitig mused the whole family. I 
went to the incubator and to my dis¬ 
appointment, found no signs of birth. 
Then suddenly, I heard a low knocking 
sound i(uite distinct and regular. I 
picked up that egg from which the sound 
came. (Eventually I was to discover that 
the other one was unfertilized.) 

So at last my chick xvas striving to come 
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out of the shell. I carefully lifted the 
egg and placed it on a cotton spread. 

The sttuggle slat ted. The cluck pecked 
at the hard shell. After a few minutes’ 
rest it attempted again, and again, until 
finally it succeeded in making a crack on 
the shell, then a small hole. It pushed 
out its beak through the hole and started 
sawing with the hard sides of its beak. 
The hole grew larger and the energetic 
bird worked on unceasingly. It had lived 
on nothing but a small mass of yolk for 
the past twenty-one days; yet the eneigy 
and unfailing determination that it 
possessed was remarkable. ‘What gives 
it such motive force ?> I wondered. 


Finally the forelimb of the chick 
emerged The beak moved behind the 
shell once again so that it became out 
of sight. The beak pecked fiom one side 
and the forelimb fluttered from the other 
until the shell gave way (Fig. 8). This 
went on until nearly half the shell was 
chipped off 

It was 07.09 hours. The chick was 
relieved of all bondage. My chick was 
born. 

Like a hen, I had, for the past twenty- 
one days, meticulously incubated the eggs, 
and here was my reward—my sweet 
young one. 
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Abhesives 


Pudma Vasudevan 
Madras 


A 1.1. nl i)>. know alunii udhrnc. 

Adhesive- .»!<• flei-l* '•III <Sl, 1111 f‘, 
which -Ink raxih, ,\'mw,u1uv , mam 
Mi1ist.UK es h.ivr iht-t\nrd which 

have the pinpritv of nut 'in knit:. A urn 
wind litis hern mined tu (IrMiilir them. 
They .in* railed ‘abhe-ived. What « .in 
abhesives lit* usrtl i«itd Mum piatiir.il 
iisrs have lii'rn luiiiul liu ihrni and air 
being suggested, 

Sinn* they irprl wain dies air used 
fur water puitttiug clothing, tents anti huats. 
In a' example dip and div lalniis mated 
with uiiht'sives dvy veiy tpiitklv. Siiui- 
huly basement walls ran lie made wuiei- 
pmofliy giving a mating nl'nlihc-ive*. 

In the home, frying pans and baking 
pans coaled with heal resistant abhesives 
like silicones and lluoro-rarbons like 
Teflon, arc used. Unlike ordinary grease 
they do not char or smoke and ran lie used 
for a longci time, For example silicone- 
coated pans can lie used for about 20U 
bakings, This eliminates repeated 
degreasing and greasing Also since things 
fried or baked do not stick to the pan 
coated with abhesives, eggs, meat, cheese, 
etc., can be fried with very little fat and 
can be removed easily from the pan. 

Abhesives like Teflon and silicones arc 
excellent lubricants which can stand high 
temperatures. For example one of the 
silicones remains as a smooth white jelly 


hum In I in ion Besides, they aie 
ii'in-i midur mi, nf elccuicily. Hence 
<hr\ an* used as lulnicauls in sealed 
it m* ilm s oi household appliances 
like washing mai turn’s, vacuum cleaneis, 
trlngriaiois, rl<\, and as bushings, ball- 
beaimgs and joints to fact it is hoped 
fh.it 1 iv using abhesives the problem, of 
lubui .tiiou of machines hum tune to lime 
■ ,m lu* completely eliminated. 

\bhrsncN as lulu it ants, aie of great 
iiiipoiiaurr m many industries, For 
example in the lnaiiufaetinc of tyies the 
dillii nils ol mlibei sticking to the moulds 
has been oveicomr by coaling the moulds 
with abhesives. 

Klcrtiir iions, die buses of which arc 
mated with abhesives move much more 
easily tm cloth, Fmnituie and automobile 
waxes and polishes containing abhesives 
pi event wain, dirt, rtf'., from slicking to 
(he sm face 

Since many ol die abhesives aie not 
physiologically active they arc used in 
surgery, Teilnii tubings have been used 
to replace artery .sections, 

Why do abhesives have little attraction 
for other surfaces? The answet becomes 
clcai iiom a study of their structure. 
Taking the example of silicones and fluoro¬ 
carbons we find both arc long chain 
polymers with atoms or groups of atoms 
packed regularly around the central chain, 
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gi-i 3 ch 3 gh 3 CH 3 CH 4 CH 3 

__ Si — O — Si —O — Si - O — si ~0 - Si — O— Si — 

III III 

CH 3 CH, CH 3 CH, CH., CH, 


For example, silicones have a silicone- 
oxygen chain with organic radicals like 
methyl groups attached to the silicon 
atoms. 

In such polymers there are two types of 
valence forces, the primary valence foices 
existing between the atoms actually in 
bondage and the secondary valence forces 
resulting from the attraction between 
neighbouiing atoms or radicals. It is the 
secondary valence foi ces which determine 
the physical properties of these polymers. 
Actually their physical properties can be 
changed by changing the length of the 
polymer or the land of the organic radicals 
attached to silicon atoms. These attached 
radicals form a close shell around the main 
chain leaving very little attraction for 
molecules on other surfaces. 

The same is the case with fluoro-carbons 
also. For example Teflon which is poly- 
tetra-fluoro-ethylcne has fluorine atoms 
bound tightly around carbon atoms, In 
this case since fluorine atoms are large and 
so near one another, a third, steric factor 
also promotes abhesive properties, 

f F F F F F "1 

I I I I 

— C — G — C — G — 

F F F F F n 

Teflon or polytetrafluoro ethylene 


The question automatically arises as to 
how a coating of a material with abhesive 
pi operties can be given Various methods 
of coating are employed depending on the 
material being coated and the nature of 
the abhesive used foi coating. 

Usually the abhesive is dissolved in a 
suitable solvent or emulsified with water, 
If the material to lie coated is a fabric or 
any poious substance it is impregnated 
with these solutions by dipping. Alter¬ 
natively the solution may be sprayed or 
applied as a thin coating by wiping or 
brushing. Then to make the coating set 
firmly on the ai tide, it is ‘cured 1 by 
slowly laising the temperature. In this 
process the solvent is slowly evaporated 
and cross links are formed between the 
polymer molecules. Since the polymer 
molecules have very little attraction for 
each other, usually curing agents are 
added. The polymer molecules are 
united chemically through these curing 
agents. There are other methods also like 
baking the abhesives on glass with addends 
like graphite. As mentioned earlier 
different methods are employed for coating 
different substances. 

It is obvious from these considerations 
that abhesives have a great future in the 
betterment of life. 
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IhUitn tun at i;j Xtimr Kdikaimt, Animal Council of 
hilutriliiwril R,'\t'mch mid 'I mining, New Delhi 


VI he ratlin path of l/its win appnitni m 
the jiiftfaiH m«ci of this journal*. I hr 
utjumr <]! mtifot and minor i<mr/rt\ if cu n.hided 
with lhi\ tiTlnk. union) 

VII. CIICMISIRY IN IlAIl.Y 1,111, 

t«, Photo guiltily i\ the ihemiutl pt>uru of the 
formation of tin image on thr photo"tnjthu 
plate. 

Tlic Mibcmurpts 1 fi lu\r appealed in 
the last issue. 

(i. The unchanged silver bromide is 
removed by humming in 'hypo' 
(u. solution ofsoclium thiosalphiUe). 
This is called 'lining’. The black 
inverted picture formed is called 
the 'negative'. 

7, The positive print is made by 
superimposing the negative on a 
sensitized paper and exposing it 
to light for a suitable length of 
time and then developing and 
fixing the print as in the case of 
the negative. 

0. Many advances have been made in 
photography; coloured photo¬ 
graphy, transparencies, motion 
pictures, aerial photography, high 
speed photography. 


11. Fat thy is 

1. Plants lequal’ nitrogenous com¬ 
pounds and phosphates soluble m 
water fin their giowth. 

th I he ronveision of atmospheric 
nitrogen into useful compounds is 
(.died lixnlinn of uiiiogcn. 

Nitiogcii fixing bacteria in sod ot 
in the mots of leguminous plants 
do this m nature limn atmospheric 
mtiogen. 

•I. Nitrogen is also iixed in several 
other ways. 

t,nj Lightning converts nitrogen 
and oxygen into nitric oxide 
which in turn is lmally con¬ 
verted to nitric acid and 
ninnies. 

(b) In the Biikland Eyde process 
nitrogen and oxygen are 
convened to nitiic acid 
(e) In the Ilaber’.s processnitiogcn 
from air and hydrogen ate 
combined to form ammonia 
which may be converted to 
ammonium salts or oxidized 
to nitric acid. 

(d) In the Cyanamide process 
calcium carbide and nitrogen 


♦Genera] Science Curriculum for Higher Secondly Glasses. School Science, 3: 151-155, 246-254 
June and September 1964, 
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from atmospheie are con- 
vcitcd in an clecliic furnace 
into calcium cyanamidc 
which can be leadily con- 
veited into ammonia or mine 
acid. 

(c) Most of the plant ferlilizcis 
are used in the form of ammo¬ 
nium sulphate, ammonium 
phosphate, potassium niltatc, 
calcium nitrate, and urea. 

5. Another element needed by plants 
is phosphorus. It is usually 
supplied in the form of calcium 
phosphate, superphosphate or 
ammonium phosphate 

6. Calcium phosphate is obtained 
from the bones of animals or rock 
phosphates 

7. Aitificially, supci phosphates arc 
manufactured from rock phospha¬ 
tes. 

8. Caie should be taken in llic use 
of fertilizers (they have some ill 
effects). 

VIII LIFE 

Ultrastructures 

A Studies of sub-cellidm oigaiuzation at e made 
m order to explain the relation between 
structure and function in terms of organiza¬ 
tion and interaction of macro-molecules. 
This area is called molecular biology 

1. (l) Electron microscope has helped 
biologists to study the ultrastruc¬ 
tures. 

(n) Some of the submicroscopic 
structures are mitochondria, 
grana, endoplasmic reticulum 
and ribosomes. 

B. Mitochondria are microscopic powerhouses 
and the site of cellular respiration 


1. Mitochondria have a highly com¬ 
plex and differentiated internal 
stiuctuie. 

2. The behaviour of mitochondiia is 
conelatcd with intra-cellular acti¬ 
vity 

Cl. The chloroplasts ate chaiacletized by the 
ptesence of bodies called grana embedded in 
a uniform sttoma 

1. Each grana shows a complex 
structure with a number of 
membiane elements stacked one 
on top of the other 

D The endoplasmic teliculum is an internal 
transport system. 

1. The outer suiface of the endoplas¬ 
mic leliculum is associated with 
l ibosomes which ai e rich in R.NA. 

2. These are the sites of piotein 
synthesis 

Viruses 

A. yj virus is essentially a nucleoprotem pat tide 
which seems to occupy a place midway 
between the inert chemical molecule and the 
living organism 

1. Iwanowski found that the lilteied 
juice of an infected tobacco plant 
could transmit the disease to a 
healthy plant. 

2. Stanley (1935) separated tobacco 
mosaic virus (TMV) from the 
host in a crystallized form. This 
shows that viruses aie not living 
organisms. 

3. Virus particles are submicroscopic 
and are visible only with the aid 
of an electron microscope. 

J3. Viruses do not have any of the recognizable 
structures of a cell 



St in Hi! Sl 1! Nl I 


,ls 4 


1. Eatll \iiiis juilulr has a inn ld> 
add t me i!»<l a pinidn sjn-jl. 

Cl. J'wiivv w> "hlii-ilr f,nu,!t* < ipild, >*/ 
inultip!) .1 nh in,if she mW- * 

the h'^l tissue 

1. YllltSC', I umtil hr IJIMHII III I III- 

lines tiiilMtle the livin',; than*. 

'4. Outside (lie livim; tell lln* vim-, 
particles aie itieit anti lack 
metahrilisin ami lepiodtu lion. 

3, Vii uses iplain tlieii ability in 
infect even aliei linn; isnludon limn 
living niatmiul. 

4. Among the pmpeities nl living 
oigunNius vliimn by vii lists aie 
(licit pnvvci nl* icplicutum in the 
host cells- and the abilm n< 
mutate, 

1). f'n use) tnu.\e mnjm discus m »/' plant \ and 
tinima/s and man. 

1. Some of tlie plant viiuses aie 
tohat'en mosaic virus, the curly 
lop and scrub disease ol.sugairane. 

2. One of the animal vii uses is the 
foot and mouth disease. 

3. -Some of the vims diseases ol‘ man 
aie smallpox, poliomyclelis, 
mumps, common cold, Asiatii 
flu, etc. 

4. Some vii uses do not cause disease. 
They -arc used for horticultural 
purpose, as in the breaking of the 
tulip. 

5. Viruses are used to light pests 
(rabbits and insects). 

E. Certain species of bacleiia arc attacked by 

vims. 7 hc.se aie called bacteriophages. 

F. Vims diseases can be transmitted by vanous 

ways. 

1. By contact, 


1 lu migh iiipnies. 
h Bv verlnis-. 

! IK (umdiiiig and sneezing of 
annuals. 

ti. \<,mr ; iihu \ ic/mir a //mini of incub aim 
hr par lit, ) \li»,r ( ympUms. 

1 Kbiaiantiiie measures ate adopted 
as pieventive steps to the spread 
of vn us diseases. 

11. ]'nnu\ help in hi our undemanding of 
the loanl hut nj life. They seem to 
s land at Ifir i iiy I hies hold if life. 

1. Vii uses aie placed a little above 
the level nl* complex molecules like 
those i if nucleic arid witch have 
tlie i nput itv of leplication. 

3. Vii uses niuv be placed just below 
tlie level of cellular organization. 
They have none of the enzymes 
loimd in tlie eells. 

Origin of Life 

A. I.uing imituin mi eaith are the diiect 
piodut Is of the eaith. 

I. An earlier belief that life arose by 
spontaneous generation was dis¬ 
proved by Rccli, Spallanzani and 
Pasteur. 

B, 7 he modern view is that living things arose at 
first spontaneously from organic compounds 
leading with each other. 

1. Stanley Miller conducted an experi¬ 
ment under conditions resembling 
those on the primitive earth and 
obtained organic compounds- 
umino acids. 

(1, ‘I he compounds i ended with each other to 
pioduce stigai, ammo acids, proteins, 
nucleic acids and nucleoproleins, 

D, Some of the pwteins acquired enzymatic 
activity. 
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E. The next stage was critical. It was the 
formation of an organic molecule ( DNA ) 
having the property of self-duplication. 

F. By the aggregation of other molecules 

round the self-duplicating mo!etuir the 

primitive cel! was organised 

Genetics 

A The jield of biology which treats oj heredity 
and variation is called genetiis 

1. Like begets like. 

2. Heredity is the tiansinissxon of 
chaiactcis of the parent to the 
offspiing. 

3. The tcndcnces of oigamsms to 
differ from their paicnts is called 
variation These may be due to 

(a) environmental conditions 

(b) hybridization. 

(c) mutation. 

B, Mendel found out that inherited characters 
are transmitted according to certain laws. 

1. The sex cells are the physical 
bridge between the patent and 
the offspring. Hence any factoi 
developing into a charactet must 
be passed on through that cell, 

2 When individuals differing in two 
contrasting characters were crossed 
the hybrid showed one charactei 
(dominant), while the other was 
hidden (recessive). This is the 
law of dominance. 

3. When the hybrids were ciossed 
among themselves the two charac¬ 
ters showed up m a latio of 3.1. 
The apparently lost trait (reces¬ 
sive) reappears in the offspring of 
the hybrid. This separation is 
known as the law of segregation. 

4 The factors. representing the two 


or more contrasting characters are 
segregated independently of each 
other. This was described as law 
of independent assortment. 

G There are convincing evidences to support 
the view that hereditary determiners are 
tamed by the chromosomes in the cells 

1 The behaviour of genes in breeding 
experiments and the behaviour of 
chromosomes during nuclear 
division arc parallel. 

2. Genes that lie on the same 
chromosome tend to remain to¬ 
gether and the characters aie thus 
linked. 

3. Some times such linked genes 
separale due to crossover Sex is 
inherited and it follows a given 
distribution of the cluomosomes 
according to definite Mendelian 
iat. 10 . 

The scxchromosomc may carry a 
number of genes ffu a numbei of 
characteis Such characters arc 
sex-linked characteis. 

D It has now been found that DNA ( deoxyri¬ 
bonucleic acid) is the principal constituent 
of chromosomes and this is the chemical 
basis of inheritance. 

1 The molecules of DNA are large 
The mode of construction of its 
constituents (nucleotides) enables 
them to contain an enormous 
amount of‘coded’ information and 
to undergo replication (i.e., exact 
duplication in every respect). 

E. Heredity supplies the native capacities of an 
organism, environment determines to a 
large -extent how full these capacities will 
be developed, 

■ . 1, In inheritance the final product is 



m mu it 


si if\ri 


the IPMiIl -,! J,r,r,||K , 1!ir | ,j J( , 

Hivilriiiujrnf.i! j.t, ft,l; 

1 ‘. r , , r!iF , tS 

phtltf l t,f lh"!rn, Jsfr, 

It helps in the piorlui Hon «,| nov. 
l.llirlit s n| g.udni plant,. ,lnp 

I'l.mls .uni iniil f i res nsrlnl 

.mim.iK. 


Organic Evolution 

A. thgani, nvlm,„ n M lfir K!iulu<li hiu:if 
m lmm> !hf w „y^, /() ^ 

iomfiln , ts „ „ /)(n „ t/ ,, ,„ w , ji; , 

" ,f f'Uilnm '>! milut,il I„rt, 1 . 

I. All I ill- mines lium pie. oiling hie, 
A Indus!)i,il melanism is an instance 
1,11,11 '■'■uliiliun within a slim t time 

>ukI uilii || is i>1 isei vnblr. 

h- Ktultmejvt w?««,*, m ,tun h f ,/„ M „ 


2 . 


3. 


V"’. ’“’"W -il fiuie-s. ale ln ,e, 
l0Ssils ,,r si »iplr r„ r ,„s m old, 
f ork '* and liaise of d,e enm.,1 
1,1 hie upper Kicks. 

‘!!! ,P 7 -t,ltUi,J » "I" a patlieul.u ly 
hke the horse j s mdicaied by i 
study of the fossils of the homes 
clmeicnt 

Kvidcnrc from structures, devclo 
rnent and geographical distribi 
don are other great support 
Charles Darwin collected a ma 

^X£ om * vw - 

Domestical ion and hybridism 

; l . ls ° >’ lelcl ™dcnce for the cvoli 
tion theory, 

Z"!, ta k '"‘ l “" tM fomml ' 

explain the phenomenon of evolution. 

1- Lamarck believed in the theor 


<1. 


"I mlu'iitaiu e nl 

If I s. 


,u 'I Hired charac- 


I. 


1 J.ii \s in 
* I if* ii \ 
means 


•*"d U,lll ; lr(; Pioposed a 
n 1 fMl h r,n r, f species by 
" natuial selection 


ami t„,t selection should he consi- 


deied as (h. 
evolution. 


primai y factot 


m 


Mode,,, theoiies areept generally 
'he hoi that evolution is dhected 
l*v natural selection, 


U h miliiml selection multi in the 

mr.iml , ; f favourable variants in ,elution 
I" the fin a tinmen/, 


L ' '"hition and hetediiv shown by 
'be inernlxMs of a species ate Lo- 
m-lbn tesponsible for die conti- 
nmiiionol die pioeessol evolution, 

I . iihifiti; e ,, I„ tlij/ewnl eiwiionmenlnl 

Imtm, burn; almut tli/fe,ernes between 
related I>inu/i\. 

I ■ lb oteetive adaplaiious aid suivival. 
L'dation due to geographical 
ban iers or genetic, differences 
hring about evolution along 
different lines. 


I’. Animal selection gives direction lo evolution 
by selecting the favourable variants to have 
more progeny. Eventually these form the 
whole population. 

1. 1 opulation is the unit of evolution, 
lhe genes within the population 
are called the gene pool of the 
population, 

2. I lie population is in equilibrium 
after a period of interbiceding. 

3. Reproduction heredity and varia¬ 
tion are the chief characters of 
life enabling population to change 
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and adapt to the envuonment 
under the operation oi natural 
selection 

Hybridization 

A. For centuries man has made a constant 
effort to improve the varieties of plants and 
animals which supply his needs By 
means of hybridization entirely different 
kinds of plants and animals have been 
developed 

1. Grossing of two different varieties 
to obtain a new one is hybridi¬ 
zation or outbreeding. 

2. Inbreading or line-bi ceding results 
in a pure strain. 

3. New plants are produced by 
crossing different varieties and 
even species. 

B. One of the advantages of hybridization is 
hybrid vigour m the offspring. Often the 
new hybrid has a natural vigour which 
neither parent had. 

1. The hybrid corn is the result of a 
double cross in which four pure- 
line parents are mixed in two 
crosses. 

G, Selective breeding methods have been used 
to develop desirable varieties of plants, 
poultry and livestock. 

1. Some of the desirable qualities in 
plants are disease resistance, larger 
yield, hardiness, etc. 

2 In animals too the desirable 
qualities are disease resistance, 
hardiness, greater yield of milk 
or mutton. 

D. A true hybrid is the offspring uf a cross 
between two different species. 

1. The mule is an example. With 
all its vigour the mule is sterile. 


E. Hybridization gives variation, isolation gives 
fixation, and fixation gives speciatwn. Tins 
n how hybridization helps evolution 

1. New types of organisms different 
enough to be regarded as new 
species may result from a cioss. 

2. In nature also hybridization takes 
place between close varieties 

F. Many chemical compounds are used to 
destroy or control the activity of pests 

1. Chemical compounds used to 
destroy or control the activity of 
pests are called insecticides. 

2. Insecticides may act as stomach 
poison or as contact poisons or as 
poisonous gases that penetrate 
the insect’s body 

3. Insecticides of inorganic origin 
include sulphur and arsenate of 
lead. 

4. Organic insecticides include syn¬ 
thetic materials like D D.T., 
Gammexme, organic compounds 
of phosphorus, etc. 

5 Insecticides are most frequently 
applied as dusts, granules, sprays 
by hand or power equipment 
6. In using insecticides great care is 
necessary to minimize adverse 
effects on useful insects (pollinat¬ 
ing insects), fish, bird and other 
wild life. 

IX SPACE SCIENCE 

Outer Space and Rocketry 

A. Rocketry has helped the investigation of 
outer space. 

1, Ancient Indians and Chinese were 
acquainted with the science of 
rocketry. 

2. Different types of fuels are used in 
rockets'. 



m snmni 

3, Multistage nu k>~ihas r been 
roir-iiut trrl inniik. 

•4 Rni krts have lirni teed (■< Imd 
tempcialuie, pie*Mu<\ dnruH <tl 
llir upper .UUiMsplu’ir, pirwm r* nf 
mriroutrs, ionisation belts, snl.u 
t.uU.Uinn and rnsmir i.idiaiion in 
outer spat (*. 

a, Outer spare Uavcl is full of ha/.uds 
due to the pt estate nf atetcoiitcs 
that move in it, cosmic ludiatinn 
ionisation belts, intense X-ra\s 
and (ramnu-rays. 

Radar and Radio Astronomy 

A. Radar is used in the dftetlim nf rati»u\ 

objects. 

1. Radar miginnted in the tinners 
or this century mil of a need tn 
detect aircraft. 

2. Page and Watson Watt made many 
improvements on it, 

3. Radar helps the detection of 
thunderstorms. 

4. Radio-waves arc. able to pencttatc. 
clouds, but arc reflected by metals 
and other high density materials, 

5. Radar has been used to determine 
accurately the distance of the 
moon and some of the planets of 
the solar system. 

6. Three things arc important in 
radar—range, bearing and 
elevation. 

7. Methods of scanning and taking 
rough pictures of enemy targets 
have been devised by revolving 
radar beams. 

8. Radar helps a pilot to have a 
visual picture of his target and 
to guide his plane. 

9. Radio-telescopes are used in the 


.sni xn 

investigations or ladio stars and 
the nnivrise. 

Space Biology 

A 'I hr atnmphnr nf the mill extends to 
about lliU) Ini. Jtcynmt this is the outer 
ifan c nhnlt i\ a v,n iiitm. 

1. 1'he aluur.pheic consists of tiopos- 
phete <11 kmj slalosplve.re (80 km) 
and the ttM iouosphcic 

B. (jiiiiliti'nis in outer face are hostile to 
human ltji\ the fnetsuie is low and there is 
nn air , no light, no gravity. 

1. Reduction in ptessure produces 
mm bid conditions and it affects 
icspiration. 

2. A pet sun moving in a rocket is 
subject to several g. lie ex¬ 
pel ienrrs weightlessness at one 
stage. 

3. The hazards in space include 
expostneto ultraviolet and cosmic 
rays. 

•!, Their are also psychological 
hazards to be faced. 

(’,. Interplanetary /lights will icquirc a dosed 
nnlngical system In he built up. 

1. Plants ate tequired to regenerate 
the atmosphere. Algae like 
Chlorclla have, been considered 
to be useful to regenerate the air 
and provide food for the traveller 

2. Microorganisms should be used to 
act on waste products and return 
the materials into the cycle. 

Life of a Star 

A. Scientists presume that several physical 
processes take place before a star is formed. 

1. The surface temperature of the 
sun which is a medium type of 
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star is about 6000°C! while its 
c.cnlie is estimated to be at a 
temperature of 20,000,000 o G. 

2. The source of stcllcr energy is 
nuclear, obtained from the con¬ 
version of hydrogen into helium. 

3. Mcasuiemcnts of light intensities 
of steller objects show that they 
release a very small part of their 
mass as energy every year. 

4. The sun constantly emits electro- 
magentic radiations in the form of 
ultraviolet and X-rays as well as 
particles of various energies. 

5. It has a 11-ycar cycle of alternate 
periods of high and low sun spot 
activity 

6. At the tune of high activity it has 
thousands of flares and large 
magnetic storms. 

7. The International Geophysical 
Year was organised to collect 
data to discovei how the sun 
affects earth and its atmosphere. 


11. In 1964-65 the sun is expected to 
have minimum activity. It has 
been proposed to organise an 
International Years of the Quiet 
Sun (IQSY). Forty nations in¬ 
cluding India are co-operating in 
this enterprise. 

9. The IQSY will concern itself with 
space research, study of equatorial 
anomalies, synoptic studies of the 
atmosphere, study of ionosphere, 
geomagnetism, solar activity and 
cosmic rays. 

10. Scientists believe that the sun will 
expand rapidly in radius in 
another six billion years and 
decline in brightness after that. 

11. Scientists predict that when the 
sun increases more than four times 
its radius, llie temperature on the 
earth will increase rapidly till 
it leaches more than 200°G and 
life on earth will cease to 
exist. 
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\niun<l thr Re-mti It I..ilu.r.iltu'u-s in India 

Central Coconut Research Station 


T UI. r*M .Hint ll-tjl 3 . mJ I '•((' sdl'M)*!' 

tltlpMlt.iln I* iti llllrjJj.ilii'll'i) (lade 
as a i' «*f (mount <ol and miii * mul*- 
In India when' it S'* al.o a t<<od nop it, 
impoilumr is .ill tin - mini*. jutthnlaily m 
tin* Slate hi' Knal.i v. iiii Si an 'units im ,ii 
min h as lit lakhs n| at ns nut t<l }Si»* total 
Indian at icai'r* of 17 lakhs nnrlrr the t top. 
Tin* rnrnuut indiistiy uliii h uasnt i ujtum; 
an iinpouant phut* in ih<* eionouiy id this 
cmmtiy in the rally yrats ul" this teuton 
fell into a vciy had st.ilr id allails dmini; 
the .seven* rennutme drpirssinn ihal slim h 
Uir wmld in tin* rally ihinirs of this 
(TiiUivy. In tinier to rehabilitate the 
indnstiy ihr Ciuvrnimrnt nf India rmisli* 


uitid m 1’ij * ilir Indian (a'ultalC'nrnnul 
f 'iiimiiHrr* and math it responsible for 
tin- rh wlojuurii! of i n< mini cultivation) 
in iiMikumi; and niili/ation m India, 

I la* Cmintiifirr Insi no timr in reviewing 
thr li'M'.urh v.oik aliradv done in India 
and an rpi<*d thr i rt oiiimendalions made 
on Inline \wnk, I Central Coconut 
Rcsrauli .Station< ueir set tip, one at 
Kasaia-'ml im rain ini' out fundamental 
wmk mt (hr hnt.miial, agronomical and 
■ hnnii al aspri is of tin* niennut and the 
miin at Kasaiu'iilain, tlioth ill Koala), 
Im i oiuhn lini' iii\rMit'.iiion.s on the pests 
.mil disease aspects ill the [lalm. The 
Math av (;«.vmunc*iu\ Agricultural Rc- 




Fig» I The Central Goconut Research Station, Kasaragoct 
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seaicli Station, Kasaragod, which was in 
existence fiom 1916 was taken over and 
expanded with regaid to area, additional 
slalT and Iaboratoiy facilitics. The Re¬ 
search Station is situated about three miles 
Lo the noitli of the Kasaiagod Railway 
Station, and is now about 178 acres in 
extent It lias the unique advantage of 
having lour dilfeicnt soil types, viz , white 
littoral sand, light sandy loam, led loam 
and lalentc gravel. About 100 acies 
have aheady been planted while the rest 
aic available for fresh planting which is 
now undei way. 

Rcseauh Woik 

The lescarch work is lacing cauied out 
in four sections, viz,, Botany and Breeding, 
Cyto-analomy, Agronomy and Chemistry. 

Research woik mainly of fundamental 
and applied natuic is on the programme 
of the Station. In the Botany and Breed¬ 
ing section pioblems connected with the 
improvement of the eiop by introduction, 
selection and hybudization are under 
investigation. Work in the Cyto-Anatomy 
section includes studies on button shedding 
and barren nuts, cytological and embryo- 
logical investigations of the crop and allied 
aspects. The Agronomy Section is 
engaged in the investigation of the 
mammal, cultural and irrigation aspects, 
studies on green manuie, keeping of 
flowering and fruiting records of trees, 
ciop weather investigations, etc. In the 
Chemistry Section, soil survey of the 
coconut tracts of the West Coast, soil and 
tissue analytical studies with special 
leferencc to the nutritive aspects of the 
coconut under healthy and abnormal 
conditions and work on certain techno¬ 
logical aspects of copra and coconut oil 
are under way. In short, all the agricul¬ 


tural aspects of the crop aie receiving 
acLive attention. 

Results of Reseat ch 

Exotic varieties like Laccadive Ordi- 
naiy, Laccadive Small, Stiaits Settlements, 
Fiji and indigenous variety Gangabondam 
aic the types suitable for piopagation 
in Lhc West Coast. 

Comparative study on the peifoimancc 
of Tall X Dwaif hybrids has shown that 
m annual out-turn of copra, the hybrids 
aie bettei than landom hied progenies of 
West Coast tails under Kasaragod condi¬ 
tions In view of their early and heavy 
beaiing characleis they may also be 
propagated. For maximum production 
they should be heavily manured every 
yeai 

Study on natural cross progenies of 
dwarf has revealed that they are generally 
beLler than the ai tificial hybrids of 
Tall X Dwarf Such natuial progenies 
of dwarfs may be selected and planted 
wherever possible 

Regular cultivation, and manuring of 
adult bearing palms has been demon¬ 
strated to be very necessary to maintain 
the yield at a high level particularly in 
soils deficient m plant nutrients. For 
most areas a manunal dose consisting of 
3 to 4 lb of ammonium sulphate, 2 to 3 lb 
of superphosphate or bonemeal and 2 to 
3 lb ofmuiiate of potash would ordinarily 
be sufficient. In soils deficient in organic 
matter like sandy soils it is very necessary 
to apply a basal dose of cattle manure, 
compost or green leaves at 50 to 100 lb 
per tree per year. 

Balanced manuring appears to be very 
necessary Nitrogen is found to show its 
beneficial effect on early yield, i c., m the 
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HYBRIDISATION TECHNIQUE 




EMASCULATION OF THE SljSffi^TiEJSP* POLLEN IS TRANSFERRED FROM ™*, B « ilJU 
INFLORgSENCE OF THE ?0 m £ ven?^ne THE MALE FLOWER Of THE MALE tX 


F EMALE PARENT rorfiwi PARENT TO THE RECEPTIVE STiOMA 

- PoagH THAgusu DP THE FEMALE FLOWER OF THE 

"* female parent 


Fig. 3, The hybridisation technique as practised at the Station 
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Seplembei and levelling tlicm in Dcccm- 
ber-January is found to be more effective 
in incieasing yields than digging, plough¬ 
ing 01 forming basins, in led loam and 
sandy soils. Ploughing is, howcvci, the 
cheapest of the operations. 

Buiying of dry coconut husks at 1,000 
husks pei tree in trenches G' wide and 
15" deep dug m between coconut palms 
has been found to lie a vciy useful method 
of impioving coconut yields under dry 
system of cultivation even in the absence 
of manuring. The effect of burying husks 
once lasts for about six years and the 
practice is remunerative in places where 
husk can be: had cheap. 

In littoral sandy soil aieas along the 
sea coast, sea water can be used for 
irrigating coconut palms during summer 
months with very pronounced beneficial 
cflects. No bad effects whatever have 
been noticed on the palms. 


In sandy soil areas which aic subject 
to considerable drought during summei 
months and where provision of irrigation 
facilities during such periods is a difficult 
problem, wihing of newly transplanted 
seedlings is of common occurrence. It 
has been shown that lay burying husks m 
seedling pits at the time of planting or by 
mulching the pits with coir dust or saw 
dust according to availability, it is possible 
to reduce to a great extent the bad effects 
of drought. Provision of porous mud pots 
which need be filled up with water only 
occasionally as a source of moisture for 
newly planted seedlings has been demon- 
stiated to be useful and to result in 
economy in the use of water, 

A numbei of annual and perennial 
crops were introduced and studied for 
their suitability for being grown as green 
manure crop in coconut plantations. 
Among the annuals Crotalaria striata was 



Fig. 4 . Inside the Chemistry Laboratory. 
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r •" ll '‘I’Pt-'t'etl hum the results of 
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Ml ! n ' l,Mhi “g some potash fiom the 
i’" 1 ,lM available ibnn. Halt is not 
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Storage studies of ripe coconuts s 
storc nuLs without cltiagc 
w'aterfor along period, the nuts are 

, ed in sand iu the unhusked con 
with the stalk end f acing rc 


lustsu'gaiious on l'uliui' yellowing in 
the coconut have .shown that there is 
general imptovemeut and amelioration in 
t K case of trees which are supplied with 
“ baldnccd manure application including 
> f i K, Ca and the micronutrients. 
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Coconut- maleuals such ns leaves, 
petioles, spadices, trunks, etc , when left 
exposed to jam lose a good part ol thru 
valuable potash content due in leaching 
and so should he piolecled fmm tain when 
stored for fuel pm poses so that tlit* ash 
may lclain its valuable potash moiety. 

Studies on the mechanical (hying of 
coconuts showed that the drying otrimed 
in the falling late pound and a maximum 
of' 70°C can be employed loi piodutmg 
good quality copra 

Sulphunng the copia was found to help 
to picseive the natuial eoloui ol coconuts 
and give at least paitial piolection limit 
mould and insect attack and the siilphuiecl 
copia had better preserving quality, 

Studies on the halionale’ of vaiious 
household methods of sloiing coconut oil 
have shown that healing the ml atlei 
addition of substances like salt, jaggery, 
ripe plantain m cooked rice, ct<,, helped 
to minimise the development ol free fatly 
acid in the oil dm mg storage, and 
preserved better, 

Oilw Activities 

Besides regular lcseaieh work, certain 
specialised units of studies aicalso attached 
to the different sections Thus the soil 
survey unit is engaged in soil suivey of 
coconut growing aicas and giving useful 
advice to coconut gioweis The coconut 
survey unit attempts to collect new and 
promising varieties and types from olhci 


coconuL producing states in India. The 
meteorology unit legularly collects weather 
data from (he Meteorology observaloiy 
attached to the Station. The statistical 
unit besides giving advice m the layout of 
experiments, collection, analysis and the 
Dilapidation ol data, is also engaged in 
investigating the methodology of experi¬ 
mentation on the coconut ciop Under 
a Sccdnul Piocurcment Scheme about 2 
to 3 lakhs ol high quality seednuts aic 
being collected cvciy year from the 
Badagaia and Tripuia SlaLes About 
20,000 good quality seedlings aic also 
being produced on ike Station itself for 
supply to gioweis, 

The Station is maintaining close liaison 
with the Community Development De- 
pailmenls and lakes part in exhibitions, 
seminars and confeidices organised by 
them from time to tunc. Shoil teim 
training courses ate also arranged both 
I’m technical people and laymen accoid- 
ing to lequiiemcats. A popular advisory 
service is helping the growers to learn 
more about improved method ol coconut 
cultivation The findings of research arc 
regularly published in the Coconut Bulletin 
and the Indian Coconut Journal. 

The Station is thus actively engaged 
in a multi-phased programme of work 
to help to step up the pioduclion of coconul 
and make the c.ounliy as far as possible 
self-sufficient. 



Classroom experiments 
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T HK animals adopt \ annus mrih>*U 
fur raptmmg and pi<« uiiih* thru 
fund. A studs mi’ (hni habit. is a pun *»i 
the study nf lift* functions id animals. In 
tlm expeiintent, a method <<( studyam* mu h 
habits in PtirnmMum is drMtihrd. 

AcuUmcnl Vnnimnmm ran hr st.ntrd, 
as desnibrd line, v>nu‘ tl.vys hrlhir the 
experiment, lin'd one line of pond watei 
and acid a handful ul diy hay. You may 
also add a few gtains nf wheal, Hull these 
for another ten minutes and allow the 
mixiute to mil and keep this I’m two days. 
Keep the llask or eoutainei plugged with 
cotton, Inoculate tliis mixtuie with a 
little pond water taken ftmn the bottom 
of the. pond, This water is likelv to 
contain Parmnnium. 

Prepare yeast suspension. Take half 
a tablet nf yeast in 50 ml of water and allow 
this to stand for 24 hours. Just before the 
experiment, boil the yeast suspension with 
O.lg of Congo red powder. Keep it 
boiling for eight minutes over a low 
flame. Allow this liquid to cool, 

Prcpaic methyl cellulose by adding 
90 ml of water to 10 g of methyl cellulose, 
This will give a thick syrupy solution which 
when added to any culture of protozoa, 
slows down their movement so that one. 
can observe easily the microscopic 
organisms. 

Prepare a ring of methyl cellulose on a 
glass slide and place a drop of Paramecium 


i uituie ui the- reuue and add a drop of 
\ruM suspension. Cover with a cover 
glass and ohsei ve the Prti wnccium cells under 
tiir inieiMsi ope. Ohseivc how the cells 
eat ingest the yeast rolls. Note the 
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colour of the yeast cells as they enter the 
cell and get enclosed in a food vacuole 
and the change of colour of the yeast 
cell later on. The change in colour will 
be so lapid and one should caiefully 
obseive the changes. Congo red has a 
red coloui at pH 5 and blue at a 
pH 3. 

The yeast cells at first are red or pink 
and they enter the oral groove and move 
into the gullet. As the vacuoles travel in 
the cell the colour changes from red to 
blue which shows that the food is now 
in an acidic medium. Certain enzymes 


aie now acting to digest the food. After 
some more time a different set of enzymes 
may act and the colour of food vacuoles 
may again change to red. Finally 
the undigested mattei will be ejected. 

Thus the piocess by which Paramecium 
ingests, digests and egests the food can 
be observed clearly. 

(Adapted from, Biological Science: An 
Enquiry mlo Life, (BSCS Yellow Version) 
Student Laboratory Guide. Harcourt, 
Brace & World, Inc., New York, 
pp. 153-154. 1963.) 

s. doraiswami 


DETERMINATION OF THE DENSITY OF A LIQUID USING 
A LOADED TEST TUBE 


T HE density of a liquid can lie deter¬ 
mined by floating in it a loaded test 
tube. A wide test tube is fitted with a mm 
scale by inserting a strip of mm graph 
paper inside it. Sufficient lead shots are 
placed in the tube to make it float verti¬ 
cally in the liquid whose density is to be 
determined and the level (x„) at which it 
floats is read. Additional weights are then 
placed in the tube and in each case the 
reading (x) of the scale against the liquid 
level is noted. 

A graph of depth of immersion, 
(d)=x—x 0 , against the additional load is 
drawn. The external radius (r) of the tube 
is found out by using callipers, taking at 
least four readings and then taking their 
mean. Any point A is taken on the 
curve and perpendicular AB is drawn to 
the X-axis which represents additional 
load as shown in the Fig. 2. The density 
is found out by using the formula 
„ OB 

tT^B gm/ml 


The formula used can be derived in 
the following way : 
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[.ft thr minis ni the tube be r cm 
.uni the me.ni depth nf immersion m cm 
pei i!in he n limn the seraph n=AB/OB). 
Difii txhitnc nl' hf|iiirl displaced by th e 
addition nl 1 mu m tu the tultc^Tn^nml. 
II the deusin nl the liquid is p gm/ml, 
then the twii-ht nl* the liquid displa- 

red ifeniM’iii, Hv An It imedc’s principle 
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Current Trends in Chemical Education 
in United States High Schools 


James V. De Rose 


of Science Department 


I F I wcie not a science teacher, I am 
confident that I would be very 
much confused with what I call the 
‘alphabet’ courses that have appeared on 
the secondary school educational front. 
The courses in many schools in the 
United States today include such titles 
as PSSG physics, GBA chemistry, CHEM- 
Study chemistry, BSCS yellow version 
biology, BSCS blue version biology, BSCS 
green version biology, SMSG mathematics, 
to name a few. I consider the changes 
that are taking place to be vital ones, 
important to all of us as teachers, parents 
and citizens. This paper is an attempt 
to tell you about the ‘Revolution in Science 
Teaching’ taking place in the United 
States and its effect on schools, teachers, 
and children. 

The author is the President of the National 
America. 


Mai pie-New town Secondary Schools , 
Newton Squaie , Pennsylvania , U.S.A. 

BACKGROUND FOR GRANGE 
Norman Cousins has been credited with 
saying that the 20th century is at least a 
1000 years beyond the 19th century, 
Chemical and Engmeei ing News has put it m 
another way; ‘Young scientists enter¬ 
ing industry today have only a breather 
before they must plan to refresh knowledge 
and techniques, because at the current 
rate of discovery, their training will be 
adequate for about five years.’ Statements 
have been made claiming that our know¬ 
ledge of chemistry has been doubling 
every decade since the 1920’s How can 
we prepare youngsters adequately to live 
m a world in which science is changing 
so rapidly 3 Unfortunately, as Dr John 
Baxter of the University of Florida has 
stated, ‘the brainpower of our students 

Science Teachers Association of United States of 
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‘We need net go nun all (he tcason*. t"t 
the .shortcomings of high school ihnnii al 
insti union rxerpl In emphasize one leasmt 
for which most of ns cany a heavy sliaie 
of the blame. I rein* to the mu prising 
and pn.sis tent genet al lack of inteiest in 
high school chemistry and lack of com¬ 
munication with high school irarheis and 
administrators on the, putt of college 
professors of chemistry and professional 
chemists. 1 

NSF AND NEW PROGRAMMES 

Although private agencies, such as the. 
Ford Foundation and the Carnegie Corpo- 
porlions have provided some financing, 
the U.S. Government, through the 
National Science Foundation, has been 
largely responsible for the series of massive 
secondary school curriculum revision 
projects which were stalled in 195G witli 
the Physical Science Study Committee 
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‘Until lately, the favorite complaint of 
U.S. colleges was that high schools sent 
them immatme and vmsrhohnly freshmen. 
Now the tallies art; about to he turned. 
Ill-ptepurod lbr doubled enrolment in 
the 1 Will's, colleges also face a sharp rise 
in ability- the nation’s better high schools 
are improving so last that their lop 
graduates are too good for ordinary 
colleges, and too numerous for the best 
ones to handle.’ 
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CBA and CHEMS 

Our major interest is to discuss the 
current trends m chemical education at 
the secondaiy school level. CBA and 
CHEM-Study arc the two curriculum 
projects m chemistry which are revitalizing 
and reorienting the teaching of chemistry 
in our secondary schools. As a matter of 
fact, I should add that they have been a 
shot in the arm to the faculty of college 
chemistry departments since they too are 
now taking a sharp and critical look at the 
courses which they are offering. 

In the space available, it is impossible 
to give you the details of these new 
curricula The easiest thing to say is 
that they are modern courses in chemistry 
which present in a definite, unified and 
sequential pattern a variety of essential 
concepts based on the topics of model 
building, equilibrium, thermochemistry, 
stoichiometry, electrochemistry, properties, 
structure, bonding, reactivity, and acid- 
base theory m terms of Lewis, Bronsled- 
Lowry, and Arrhenius, 

The pattern of the CHEM-Study 
approach involves three major divisions. 6 
The first section, which covers the first six 
chapters, is called the overview and is 
intended to give the student a broad view 
of chemistry. It deals with what chemistry 
is about and introduces the student briefly 
to the basic ideas which are to be expand¬ 
ed later The next eleven chapters are 
intended to provide the basis for under¬ 
standing chemistry and treats the theoreti¬ 
cal concepts of energy effects, kinetics, 
atomic structure, bonding, equilibrium, 
and emphasizes the predictable nature of 
chemistry. In the final section of the book 
the transition elements, biochemistry, the 
halogens, and other topics are studied in 
detail applying the previously developed 


concepts and principles. Dr. Irving 
Siegelman, formerly of the University of 
Pennsylvania, compares the overview to 
the view of the main roadways one would 
get fiom an airplane, the development of 
concepts m the second section as an 
exploration of the byways and highways 
which branch from the mam roadways 
and the last section could be compared to 
taking a closer look at some of the cities 
and towns located on these roadways. 

The CBA approach was organized with 
bonding as a central theme. “ The thought 
was expressed that chemical systems have 
structures and that a chemical reaction 
can be interpreted in teims of the making 
and breaking of the bonds which hold 
atoms together. Although the central 
theme is concerned with the structural 
changes, the student quickly discovers 
that one cannot think of structural 
changes comprehensively without also 
considering the energy transfer associated 
with the change. Still later, energy and 
random arrangement are linked in the 
treatment of chemical systems in the 
equilibrium state. The student also 
observes that reactions take time and this 
is sufficient to introduce reaction kinetics 
and reaction pathways, The course, 
then, does not have one theme but several 
treated concurrently. 

Dr. A.H. Neidig, Lebanon Valley 
College, associates the main bonding 
theme of CBA to the trunk of a tree and 
other important concepts such as energy, 
kinetics, model building, mechanisms, 
equilibria, 'and stoichiometry as the major 
branches of the tree. You still need 
smaller branches and leaves to complete 
thetieeand these represent the descriptive 
chemistry which is used as the medium fdr 
considering the major ideas of chemistry. 
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Tht Process of Science 
However, the impact of these courses 
is not clue primarily to the modern content 
which they include but because they are 
designed to involve students directly in the 
processes of inquiry. The at tempt is made 
to reveal the natuie of science as an 
intellectual entci prise based on laboratory 
investigations. These courses arc based 
on the laboratory, and stress the element 
of research in addition to the product of 
research. The content and process dimen¬ 
sions ofsciencc are not presented separately, 
Theories are not divorced from the 
data which support them. Science is not 
presented as knowledge true and perma¬ 
nent. The texts are written and labora¬ 
tory experiments designed to reveal science 
to students as inquiry with all its successes, 
defeats, and limitations, 

Students learn that there is a distinction 
between what can be discovered in the 
laboratory and the mental inventions or 
models which men create in an attempt to 
explain these observations The authors 
use original data obtained by scientists. 
In the CBA text, for example, in develop¬ 
ing the relationship known as Coulomb’s 
law, the data obtained by Coulomb 
himself in 1785 are studied by our students. 
The reasonableness of Coulomb’s inter¬ 
pretation with due consideration of the 
Uncertainty associated with all data are 
discussed. Students are given the oppor¬ 
tunity, as Dr. Joseph Schwab of the 
University of Chicago has ably said, ‘to 
understand the ways m which invention 
and observation, datum and conception, 
interpenetrate to form the growing fabric 
of scientific knowledge’, 7 

Typical Experiments 

To a large degree then, the designers of 
these curricula have attempted to put 


students in positions in which learning 
results from their own efforts to explore 
question, and find answers What ques¬ 
tions can be asked foi which answers can 
be found? I will briefly describe the 
CBA appioach taken to one such question 
which ts used to establish one basic notion 
inherent in the understanding of the mass 
and mole relationships of a chemical 
change as expressed by a balanced chemical 
equation. The question may be posed 
in this manner. 

Siivei nitrate solution is added to an 
equal volume of sodium chloride solution, 
The pi ecipitatc is removed by filtering 
The student is then asked : What will 
happen if an additional portion of either 
of the original reagents is added to the 
(iltiate ;> The student divides the filtrate 
into two portions. Silver nitrate solution 
is added to one portion, sodum chloride to 
the other. Since the students have used 
a variety of concentrations, the results 
obtained are not the same for all students. 
Some will find that a white precipitate 
will form when additional NaCl solution 
is added, others only when additional 
AgNO a solution is added, and others may 
find practically no precipitate or a slight 
cloudiness when one or the other reagent 
is added. To the beginner in chemistry, 
this presents a bewildering set of obser¬ 
vations for which an explanation is needed. 
He is thus exposed to the methodology of 
the chemist who is constantly dealing with 
‘black boxes.’ In considering the problem 
students get involved in the process of 
science. 

There is no question about the evidence. 
The observation can be made. The data 
can be collected. In this case, an explana¬ 
tion is needed. Students cannot avoid 
mental involvement (although some fight 
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it) in developing the kinds of explanations 
which can be validated by further investi¬ 
gation, As a result of this experiment 
students suggest that when two solutions 
react, an excess of either reagent will not 
react. This is a fundamental under¬ 
standing of chemical change which we 
want to establish. What are the impli¬ 
cations of this explanation 3 Is there any 
way we can test it? If this is so, shouldn’t 
the quantity of precipitate we obtain vary 
with the quantity of solution used 7 If we 
keep the volume of one reagent constant 
and add different volumes of the second 
leagent shouldn’t the quantity of precipi¬ 
tate vary accordingly ? As a consequence, 
the attempt to explain the results of one 
investigation becomes the basis for another 
In this case, another chemical system is 
used and the question posed may be stated 
in this way What is the relationship 
between the volume of reacting solutions 
and the quantity of precipitate formed 38 
The investigation of this problem makes 
use of a concept developed earlier, expands 
it and eventually leads through further 
experimentation to the discovery and 
understanding of the mass and mole 
relationships among the components of a 
chemical system 

Reaction of Teachers 

How have teachers reacted 3 In making 
a judgment here I will just state that 
although no firm figures are available this 
year (1963-1964) there is reason to believe 
that about 900 teachers and 75,000 students 
out of approximately 400,000 students 
enrolled in academic chemistry were 
involved with these new courses in 1962- 
63 Many of these teachers have received 
training at summer institutes. The real 
test of acceptance will come within the 
next two years I am confident that many 


teachers will find these new courses 
stimulating although I believe that some 
may find it difficult initially to change their 
mode of teaching. Students must under¬ 
stand that there is no easy way to learning, 
it cannot be delegated, it must be indivi¬ 
dual. The responsibility for learning 
must rest with the student and not with 
the teacher. Students’ attitudes must 
change and so must ours as teachers 
Our students view us as information 
dispensers and we are largely to blame 
for this image because of our assertive 
manners Our function is to provide 
opportunities for young people to learn. 
One of the best ways to give a student an 
appreciation of chemistry is to make it 
possible for him to perform the functions 
characteristic of chemist. In addition, 
we as teachers must learn that we can also 
provide the means for our self-education 
while we provide for the education of our 
students. It is not necessary to depend 
on refresher courses. The only way to 
‘cover’ and keep up with changes in science 
is to read both extensively and intensively. 
What we recommend for our students we 
must do ourselves. Teachers too must 
become scholars. 

SUMMARY 

Briefly then, the trends irt chemical 
education as I see them are these: 

1. New courses in chemistry are written 
so as to reveal the underlying structure 
of chemistry and the attitudes and pro¬ 
cesses of inquiry responsible foi its 
development. 

2 Outstanding chemists have decided 
what it is that constitutes the unifying 
structure of the subject. 

3. A sharp distinction is made between 
facts and attempts to explain them, 
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In closing I want to emphasize that the. 
development of new curriculum approach¬ 
es in science would not have been possible 
without the financial support of the 
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The Advancement of Natural Science 
Teaching in Foreign Countries 

K. Hccht 


D URING the Inst few years I have 
made some interesting observa¬ 
tions concerning the prestige attaching to 
natural science and to science education 
in the foreign countries I visited on behalf 
of my firm, Messrs. Lcybold. These 
visits were generally suggested by the 
annual congresses of foreign teacher’s 
associations similar to the one we are now 
attending in Frankfort. Being a member 
of several foreign physics teachers’ associa¬ 
tions I had the opportunity of delivering 
demonstration lectures in the course of 
which, sometimes on special invitation, 
I could report on West German efforts to 
enhance physics education. I also atten¬ 
ded two international conferences, viz., 
the International Conference on Physics 
Education held by the International 
Union for Pure and Applied Physics 
(I U.P.A P.) in Pans in the summer of 
1960, and a conference on the place of 
science in the recreational activities of 
youth that was held in Liege in the autumn 
of 1960, at the suggestion of the Council 
of Europe. 

All these meetings provided opportu¬ 
nities For talks and discussions on schooling 
conditions at home and abroad, on the 
percentage of periods allowed for science 
teaching, and on the prestige attached to 

From a lecture delivered by K Hccht in April, 
1961. Reprinted from Die Leybold-wclle The LEY- 
BOLD House Magazine of Phys'cs Apparatus for 
Trading Purposes, 2 (7-8), 1962. By Couitesyof 
the Embassy of the Federal Republic of Germany 
in New Delhi. 


a science education outside school. These 
direct impressions extended considerably 
my knowledge of the methods of physics 
education and of the various ways in 
which a common goal is sought. 

The observation that, m all the other 
countries, the genetal attilude towards 
science is much more open-minded than 
here m Germany (which I found confirmed 
every year that I repeated my visits) was 
the initial reason prompting me to tell 
you of this striking fact. 

It is not possible with ease to talk simul¬ 
taneously about all the countries where 
these conditions attracted my notice. I 
think it best if I restrict myself on the 
whole to the impressions I received in 
the course of several visits to England, 
and only supplement these in a few cases 
by additional information about the 
United States. No doubt one could 
just as well talk about our near neigh¬ 
bours, such as France, Austria, Switzer¬ 
land, the Scandinavian countries, Holland, 
and Belgium, where similar observations 
can be made. 

Whereas we watch with grave concern 
the published plans for the reform of 
German school leaching, especially the 
Draft Agreement of the Ministers of 
Education, and have to note a growing 
tendency to cut down on science education, 
especially in the upper classes of the 
gymnasia, other countries are working 
out new curricula with a greater science 
bias, introducing science training courses, 
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and blifvang in iMn national t onnmltrtw 
the impoituner of wirnre as a snlpei t of 
teaching. To qu>*t»* an example ■ the 
prr\intwh mentioned International t’nn- 
I'rreinr on 1‘hvdts ) dm alion o( the 
I.V.l'.A.V 1 lias slirssrd in it' jevilution-. 
that pliysiis was an essential factor in 
thr intellectual Hie of mu day and should 
be nude arrrwiblf* to all ehildmi at all 
levels of rdnculiuii. This would, .u cor¬ 
ding to the I.U.l'.A.t*,, necessitate essen¬ 
tial improvements in physics education, 
mote active (taming of tcaeltets, and the 
creation in schools of othei facilities 
essential for successful physics teaching. 

At the Liege, meeting, which was con¬ 
cerned with .spare-time science activi¬ 
ties of school rhikhen outside and beyond 
the training they in rive in school, the 
premises were the same, i.e„ that the 
present-clay impact of science on out 
thoughts and mu way of life should be 
reflected in the special attention it receives 
at all levels of leaching and education. 

In England, the Science Masters’ 
Association (SMA), which lcscmbles our 
Fordcrvcrcin, and the Association of 
Woman Science, Teachers have for years 
concerned themselves with plans lbr a 
reform of science teaching in British 
schools. Their fust suggestions dating 
back to 1957 have been published again -at 
the beginning of last year® after extensive 
discussions with the authorities concer¬ 
ned, with interested organizations and 
even with the press. The basic assump¬ 
tion underlying these plans is that the 
number of periods now reserved for science 

2. International Education in Physics, Pioceed- 
ings or the International Conference on Physics 
Education, Uncsco House, Paris i960, N.Y. and 
London I960, p. 1 

3. Science and Education Policy Statement, 

John Murray, 1961, 


teat lung is iiisulltdenl. The influences of 
v iem e, Haims the S.M A., so increasingly 
affect mu- lift* and thought that no one 
wishing to In* considered, in any way, 
educated tan alfoid to ignore it Fur- 
tbn an insight into the teachings of science 
would ieveal its great influence upon 
human thought and account for its cen¬ 
tral position. Hence the schools are 
inevitably fared with the responsibility 
of focusing similar attention on science 
as was formerly concentrated on the 
liiirnanilies, and ol ensming for it the 
same t onsidcratiuii as for mathematics 
and tin* inothei tongue. 

On these puuc.iplcs the S.M,A, suggest 
that, during the fust live seconduy school 
seats preparing for the General Gerti- 
luate of Education, Ordinary Level, 
a minimum of (i {-(j-(-1J 1-9 ff) compul¬ 
sory natural seieuee periods a week 
should be piovided for all secondary 
school chiltheu alike to cover physics, 
chemistry and biology, The sixth form 
preparing for the Genet al Certificate, 
of Education, Advanced Level, which 
qualities for University Entrance, can 
be likened to the uppei classes of our 
secondary schools, For this lasl form 
the S.M A. suggest a splitting into two 
courses, course A being intended for all 
students, especially for those not intending 
to specialise in science, and course B for 
future scientists. They suggest that 
out of the total of 35 periods, two be 
allotted to science in the case of course 
A, and seven in the ease of course B. 
The more general course A is intended 
to consolidate the knowledge acquired 
in former years. 'Five non-specialist 
is to be introduced to the scientific 
method using as examples a few care¬ 
fully selected problems of science, 
Course B, on the other hand, provides 
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students specially interested in science 
with the corresponding possibilities of 
deeper penetration 

The suggestions expressly provide a 
close co-operation among the individual 
science subjects. The curricula worked 
out provide interesting examples of 
this Thus physics teaching is relieved 
of some of its burdens by leaving it to 
chemistry to explain certain relations the 
chemist lequires as well. This avoids 
unnecessary duplication of effort without 
neglecting comparisons. 

Anyone trying to compare these S.M A. 
plans with conditions found in German 
secondary schools must hear in mind the 
many diffeiences between the two school 
systems. In parLiculai, the traditional 
restriction to three main optional 
subjects in the 6th form cannot be com¬ 
pared with the methods we employ in 
the upper classes of our secondary schools, 
but the percentage of total teaching 
periods reserved for science subjects can 
very well piovide a suitable basis for 
comparison. It is 17% in the first two 
secondary school years, 25% in the middle 
three, and in the last two it is 6% in the 
case of course A, and 20% in the case 
of course B. Thus the average percen¬ 
tage of science periods (17 6% and 21.7% 
respectively) is considerably higher than 
it used to be in German schools, and the 
Draft Agreement even permits complete 
non-attendance of these subjects in the 
upper classes. 

On applying the spirit of the S.M.A. 
plan to German secondary schools the 
following pattern is obtained: the 
curriculum provides science subjects 
instruction which is compulsory for all 
pupils in the lowei, the medium, and 
even the upper classes. Of the total time 


available for instruction, 17 % is reserved 
for the basic science taught in the 
lower classes, and 25% for science teaching 
in the middle classes The three science 
subjects are treated on an equal footing 
but the correlation of the subject-matter 
presented is emphasized. For the upper 
classes, this plan would entail a splitting 
up into a science stream and a humani¬ 
ties stream In the humanities stream 
the natural sciences would be allotted 
6% of the total number of periods, and 
in the science stream 20% each of the 
thiee subjects receiving equal considera¬ 
tion. 

It is just and proper to ask how it is 
possible that plans are being discussed 
in othei countries which involve a much 
greater consideration of science than is 
thought necessary in Germany Yet it 
is not certain that the mentioned 
S.M.A plans in England are outstandingly 
paitial to science I am convinced that 
in other countries, especially m Russia, 
even more time is being devoted to 
science education. On trying to fmd 
an answer to this question whaL struck 
me again and again in the course of 
discussions abroad was that hardly any¬ 
body seems to find anything suspect 
or sinister in the pursuit of science, oi 
for that matter, of engineering, in contrast 
to what one hears time and again in 
the course of similar conversations in 
Germany. Abroad, no one seems to 
think that science might seduce youth 
into materialism, or that true education 
can only be achieved by a study of the 
humanities Obviously people abroad 
are much more open-minded towards 
science and its bearing on our culture, 
and towards the tasks this sets for this 
and future generations. Let me streng- 
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then this argument hv quoting w»mr 
examples limit Lnglaml 

Among the pnbln maitntinn, engaged 
in the .ul\.mermen! nl 'mniir the Royal 
Institution is tlje oldmt .mil the inn,I 
revefeil. It was Inumlrd in 17*l'l by 
GoutU Rumloid, lie had previously 
het'n in Havanan sender. iheit*. he 
had rnmlurted his lesruivh mi tin- piodue- 
tinn nn heat by friction which is 1 elm ml 
to in phy sirs teaching. The at tides of 
the Royal Institution deviate it to be 
a ‘public institution flu the advancement 
of science, fur the' inuoduetion of useful 
inventions and mipiovements, and for 
demolish aling in lectures and experi¬ 
ments the usefulness of .science to the 
general public*. rite Koval Institution 
has eonltmterl to this day and is an 
hemmued public society, it is still accom¬ 
modated in tlie same building in Albe¬ 
marle. Street, London, where it took up 
quarters at the time of its foundation. Sir 
Humphrey Davy delivered his famous 
lectures as a successor to Count Rumford, 
and conducted scientific lescnrch in the 
laboratories of the Royal Institution. Any¬ 
one visiting the Royal Institution can sec 
above the mantelpiece as he steps through 
the columns into the. great hall a plate, 
commemorating these lectures. This 
plate tells how, in 11112, a young man 
was given tickets for the lectures of Sir 
Humphrey Davy; his name was Michael 
Faraday. Later on he became co-worker 
and successor, and made his famous 
discoveries on electrostatic induction, the 
laws of clcctto-chcmical equivalents and 
the principles of clecliomagnctic induction 
there; he instituted the Christmas Lectures, 
public lectures addressed to London 
shool childern and held about Christmas 
time, and otherwise promoted the 


cnnlnt t with science of the London 
sot buy in a lecture loom (hat still exists 
and L lierpn-ntlv used. On calling to 
mind Faraday's last lectinr on ‘The 
Nutmul Ili.toiv ni a Candle’ one leccivcs 
a vivid impte.sitm ol the at Uvilies of the 
Royal Institution at that time. 

"Flic mlluenee and the activities of the 
Rnv.ri Institution have (ontinued to grow 
under F.uaday's join essoi s, When one 
lwais names like Thomas Young, John 
Tyndall, I.oid Rayleigh, J.J, Thomson, 
I.oid Kutlieilbrd and those of .similarly 
outstanding hnglish scientists, and knows 
that all these gentlemen availed themselves 
of the edueatinu.il wmk of the Royal 
Institution, one can imagine the. beneficial 
crll'n is of ibis traditional eoulaet between 
.science and the general public in that 
count!y. At piesent Sir Lawience Bragg, 
who was .mauled .1 Nobel I’lt/.e, is the 
seieniilif head of the Royal Institution. He 
has extended the lecture service and the 
lectures delivered to si hnol thildein and 
has seen to it that ovei and beyond the 
circle of the memhei.sof the Royal Institu¬ 
tion anyone can ureivo a good and direct 
knowledge of the development of science, 
To this day the most outstanding British 
scientists are among the lecturers and 
sponsors of live Royal Institution. It is 
not considered a burden, but an obvious 
duty, to give intelligible presentations of 
one’s own .special Held of work in science, 
especially within the Royal Islitulion. 
Twice I wax pleased and privileged to 
attend the Christmas lectures in the last 
few years. All the, front seals were reser¬ 
ved for schoolboys and schoolgirls, the 
grown-ups had to sit in the lasl few rows. 
The children follow the lectures and 
demonstrations with great interest. 
Generally small exhibitions are held in 
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addition. Recently the Royal Institu¬ 
tion has begun to hold similar lectures and 
exhibitions in other towns as well. 

In Germany we have nothing resem¬ 
bling the activities of the Royal Institu¬ 
tion. Of course we have a number of 
scientific societies and public, institutions, 
which have set themselves similar aims; 
but their sphere of activity is much more 
limited than that of the Royal Institution 
We all feel very happy that the Deutsche 
Museum in Munich has been rebuilt, 
that increasingly more stress is being laid 
on its educational aspects, and that Pro¬ 
fessor Auer is at present delivering public 
lectures on science there. We are also 
glad that the URANIA society in Berlin 
was re-established and is making plans 
to supplement its hcienee-Icctunng acti¬ 
vities by simple experiments to be pci- 
formed by the visitors themselves. Nor 
should we fmget the Rontgen Museum 
in Lennep, or the former Scnckcnbergischc 
Nalurforschcndc Gcscllschafl in Frankfort. 
The activities of all these institutions 
should be considerably extended in order 
to create that close contact between science 
and the gcncial public which is so urgently 
required these days and which is achieved 
in such an exemplary manner by the 
Royal Institution. 

Even more than the Royal Institution 
the British Association for the Advance¬ 
ment of Science has undertaken to pre¬ 
sent science to the general public. This 
society was founded in 1931 on the initia¬ 
tive of the well-known English physicist 
David Brewaster, It was modelled on 
the Deutsche Gcsellschaft fur Naturfor- 
scher and Arzle, then 9 years old, out of 
a feeling of concern for the development 
and advacement of science in England. 
Its main activity at the outset consisted 


in holding a yearly science meeting to 
promote co-operation among research 
workeis and those interested in the appli¬ 
cations of science. From the beginning 
the organism abstained from restricting 
these annual meetings to university towns; 
on the contrary, the towns visited were 
preferably those not provided with univer¬ 
sities of their own. The society even 
meL overseas on several occasions, e.g. 
in Canada, South Africa, and Australia. 
A few years after its foundation the scien¬ 
tific members of the association deemed 
it their duty to read papers in public on 
their special fields of work at these yearly 
meetings. After some initial hesitation 
these papcis, intended to be intelligible 
to the gcncial public became a permanent 
feature of the annual meetings. In order 
lo extend the circle of persons reached by 
the activities of the association local 
branches whose activities would not be 
rcsliiclcd to the yearly meeting were 
founded. Seeing that the laboratories 
of the Royal Institution had for many 
yeais played an outstanding role in British 
research, the British Association began 
to promote research. For many years it 
owned an observatory in which many 
scientific investigations were carried 
thiough, and which later on became the 
nucleus of the National Physics Laboratory 
as a result of the numerous thermometer 
and barometer calibrations that had been 
performed there. 

Now-a-days the British Association 
has considerably extended its activities. 
The nucleus of these is the yearly meeting 
attended by 3,000 to 4,000 scientists, 
technologists, teachers, students, engineers, 
industrialists and other interested laymen. 
Sessions at which papers are read and 
discussed are held in 16 different sections 
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meetings of dm mow* n.Umr ,o<" .u tamp'd 
for young pattitijinuK Diirim; the werh 
of the nutgrrw the jirr biondi ustiug 
and television ^utio give \pr< nil i.io- 
rage in thr papets ami leitttics l.\rn 
monthslain (hr p.tpei■» trad at the inert mg 
arc dismissed in jmlilit, a>< i» shown hv 
detailed rwpthirs fnnn die puhln 

In ret cut scats (lie Hntish Assm latinn 
has instituted a initial let Sure seisite, 
with the nhjet t of extending its uttivities 
beyond the yearly inerting, and ol niMning 
thumghnui the yr.u that in as many 
places .is possible the desired t lose < ontart 
between m ientists. industrialists and uite- 
lested laymen, is maintained espei ndlv 
among the youngri grtirialioti. These 
piojrrts weie willim?ly assisted liv British 
industry. District ginups were set up 
and with their help some hundred scien¬ 
tists inrl tiding many of the most distin¬ 
guished were pnsuuded to give leelutes. 
Only those known to have the gift of 
presentation, to select subjects ol general 
interest, and to treat them in a ntannei 
intelligible to the audience were approa¬ 
ched, As the lectiners only take a nominal 
fee, and the organization of the lectures 
is to a great extent based on voluntary 
work, the Association can pride itself in 
maintaining, on an average, expenses 
at £ ‘I to 6 per Icclme. 

This extensive lecture service is not 
restricted to science meetings. It also 
covers meetings of industrial organiza¬ 
tions, teachers’ associations, education 
centres, and above all of youth clubs. 
Some schools regularly request lecturers 
from the Association. These lecture to 
the school children and their parents 
outside school hours on interesting scien- 


tiin topic-.. I he schooid science clubs 
existing in many English schools are 
enabled to meet eminent scientists i a 
mm h the same lashimi. This piovides 
them with many a useful impulse for 
dieii i lub \\ui k ()nc is sm prised to 
hem how many hundreds of such lectures 
*" gi own-ups and youths have been 
deliveicd by British scientists in the course 
of the last few years on the initiative of 
the Ibitisb Association. 

If, in England itself, then- is a feeling 
that even tins is nut enough fur the con- 
tait between v inter and the general 
puhlit, then m my view this means that 
this important problem is being apprecia¬ 
ted their to a gieaicr extent and that 
mine i> being done towauls its solutioi) 
than in mu emmtiy This is also shown 
by the lael that the major daily papers 
give much mote and better coverage 
to seiemilii and technical events than is 
normal in Germany. In an atmosphere 
of such intensive .struggle for mutual under¬ 
standing the important r attached to 
science education is rather different from 
what seems to be intended by the Draft 
Agreement ol the German Ministers of 
Kduration. Thus the S.M.A. was able to 
discuss its suggestions with all specialists 
m the lielcl and is apparently having a 
good chance or seeing them pul into 
piacliee in the ncai future. Such a 
detailed discussion by a wide public is a 
proof of the. general uppt million of the 
impoi lance of these problems of school 
teaching and forms a remarkable contrast 
to the way these matters are usually settled 
in our country. 

Another proof of this spirit of co-opera- 
Uon is the award of research grants to 
individual science teachers by the Royal 
Society, Even though the sums involved 
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are always small, the fart that teachers 
are enabled to d<i original work in science 
that is recognized by the most eminent 
scientific society of the rountiy seems to 
me to he yet another sign of brand min¬ 
ded co-opcialion, The same ran he 
said of the ielation between industry and 
the schools. When the public discussion 
on whether or not to extend and imptove 
science teaching was going on in England, 
leading Butish business magnates came 
togethet a few years ago in older to 
discuss with the schools what could be 
done in the matter. At that time 140 
firms agreed to donate a sum of more than 
2$ million pound stei ling, A commission 
set up by them visited Lhc schools and 
provided those deemed wot thy of aid with 
assistance from the fund. 

If, m conclusion, I make some remarks 
about my impressiosn from the United 
Slates I feci convinced that everyone in 
this audience is aware from the outset 
of the special appreciation of the American 
public of science, and engineering and 
thus of science education. Arter all, 
that country has had the most explosive 
technical evolution. This accounts for 
the interest centred on educational 
matters over there, and which to us is 
quite sensational. The National Defence 
Education Act instituted by President 
Eisenhower had its funds considerably 
increased by President Kennedy. These 
funds arc primarily Intended for science 
and foreign languages teaching, both 
leceiving about equal consideration. 
Moreover the individual states, counties, 
and towns provide large sums for budding 
and equipping new schools. In addi¬ 
tion there are funds from foundations 
established by firms and scientific organiza¬ 
tions. The universities and colleges have 
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also shown remarkable interest in matters 
of science education. In several places 
committees are busy working out new curri¬ 
cula and methods of teaching Among 
them the Physical Science Study Commit¬ 
tee which was on the whole called into 
being by M.I.T. professors, has become 
particularly well known. Many high 
schools have instituted teachers’ training 
courses with the aid of public funds, In 
the USA too, youth science clubs per¬ 
form a very useful function in scientific 
and technical education. The many 
evening classes for adolescents and adults, 
the scientific television programmes that 
arc very frcqently supervised by univer¬ 
sities, clearly show the general sense of 
i csponsibilily of the public in these 
matters. The problems with which school 
teaching is faced over there now-a-days 
are not at all connected wilh the apprecia¬ 
tion and valuation of science within the 
educational functions of the school. One 
cannot understand them wiLhout a detailed 
knowledge of the differences between 
the American and the European educa¬ 
tional system I cannot dwell on this 
subject for lack of lime and in order not 
to depait unduly from the subject chosen, 
which was to enquire whether or not 
other countries are essentially more sym¬ 
pathetic towards science and science 
education than Geimany. The above 
details show clearly enough that this is so 
in the USA as well. 

As I said in the beginning, othci Euro¬ 
pean countries could also be cited in 
support of my argument. Of special 
institutions existing in the various coun¬ 
tries one might mention, for example, 
the new movement ‘Science and Youth’, 
a kind of most intensively run science 
clubs for young people, in the case of 
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(outiOie.. Ximiu’i* - v.-uiiil >iin - tm<i .i 
triulruiy i«» tir.u Mirtir* - m tni. m idem 
age as ,m imimputunt njiii-iii.il Mil*|*it 
i.inking heW, other .nltjeii, <tl’ tea* hing. 

In (in' J**S*-;!*>!!) !, 1 ll.lVe tin'll t'« t'OMVi )' 
In ym some ill the impu'^,i>ms refilling 
in si inn r um< him; that loued ihem.rlw. 
tipi in tuc m the loin.r nf irpeated vi>i;> 
aliHi.ul, Ihry tan In - “nmmniiml by 
till' l rgl enable itatnin'ill tliat die genei.d 
apptci i.iti'ni nl' si inn e ami, tbeielhre, 
tin* spnit ni‘ i n-iipeiatinu mi »]U<'‘«ti**iis fit 
science eduiallun ate considerably Inwn 
in nur eoimtiy titan ubi.Mil. The reasons 
fur this me muinly very dillunlt tn 
detect. The histuty of the (human tniml 
and the On man political and .social 
development differ in many aspects fiom 
those of other peoples. However this - 
may have been caused, our present-day 
situation is certainly no different iiom 
that of the countries about us. In the 
long tun we shall not be able, to afford 
luxuries which load our young people 
with grave handicaps for their future 
tasks in life. On the conttaiy, it will be 
imperative to give more thought to the 
presentation of science tn the general 
public than has hitherto been done, 
Once the need for the extension of scientific, 
research, the application of the results 
of science, and the teaching of basic science 
at school has come to be recognized as 
an urgent necessity, science will no longer 
remain an esoteric skill of a few initiates, 
but -will receive its due appreciation from 


all fpi.iilei v. \7c shall have lo ask our 
U'.r'.iii h V'Oikn. to intensify their elforts 
in tin. ii-'prit. Our scientific societies 
■h"iilfl vr then In Id nl wmk among the 
r.rnnnl puliln ami not only within the 
limited t in !c of thcii members, Above 
all we w<mhl wish that those not so directly 
(nuu >, rt*d with science would try to 
achieve .111 hoiiisl uiideislauding of the 
iemits nl Minin* and would not, a prey 
to pu judiee, blame science for each and 
every mi l Mum - of our age. In this 
<nnir\! I sb mid like to mention the idea 
cxpir-wd m a iir'iu'iiaudum of the Faculty 
of Si icm e of ihe Munich University on 
tin - Di.di Agi cement: 

Ti is one of die iimnoil.il achievements 
of (heck minin' to have iccogni/.cd the 
imji'H lauee of though! for the - understan¬ 
ding of die uuiveise and tlu* mastering 
of life. Hut it was left lo our modern 
age (odi, cover that thought must surrender 
when it is contrary to the divine order. 
The realization of this fact must be con- 
suleicd the unique intellectual contribu¬ 
tion of om age and ranks on an equal 
footing with that of antiquity.’ 

Pet haps we shall have lo find other 
ways of coming to an understanding of 
the purpoil and value of science for our 
thoughts and actions, thus gaining the 
broad foundation needed for the future. 
Ilcrr the thought adumbrated in the 
Munich memorandum may lie an impor¬ 
tant aid. It can be of considerable value 
for the ‘.studium gener.de’ in the upper 
classes of our gymnasia, and it can give 
a new impetus to science teaching. Let 
us hope that we shall noL he, frustrated in 
these endeavours by untimely edicts, but 
wall be helped by the ready understanding 
of these matters that one finds abroad. 
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or the greatest Dutch scientists of 
vJ the last halt cenluiy was Piofessor 
PTcssel L- de Vues, senior lecturer at 
Groningen University. Prof dc ncs 
(1916-1959) carried out pioneering woi 
in many fields lmt his research into the 
determination of age m geological an 
archaeological objects with the aid ol 
xadioaclivc elements-pmlmularly caibon 
! 4 —was probably the most important 
for international science 


Profe, or Hesscl dc Vries 

In 1949 the American scientist Libby- 
who was awarded _thc Nobel Prize 

lands Embassy, New Delhi. 


19(50—reached the conclusion that it 
ought to be possible to employ slow-chan¬ 
ging cat bon in finding out just how old 
archaeological objects were. 

Nitiogcn in the atmosphere—which is 
also found at higher allitudcs-changes 
into carbon under the influence ol cosmic 
radiation. The resulting product u no 
caibon of the normal type-which is i 
icd to by the number 12 —but a n 
type known as carbon 14, a designation 

reflecting the number of ^ 
nucleus of the atoms m the mateiia . 

Caibon 14 is not a .table matter,the 
nuclei of the atoms are oveiloaded w 

“rtXa„daftcratnnctl,c, I! m,c,orc 

chances and the carbon reverts to nit 
R en 5 This is not, however, a rapid change, 
it takes 5570 years for half the carbon to 

and afte) a further 5570 anotto one- 

quarter undergoes the change, and o . 

Libby was the first to publicise the fact 
that nature provides for a balance m the 
er layers between the amount of 
Son 14 created and the amount which 
C “«.o nitrogen. Planb ataorb ealbo. 
from the atmosphere^to b^ ^ 

^Sr^onHstno,— 

, „ „ „ in terms ot nuumuim 

speaking—e.g., i 
value—there is no difference. 

But When a plant dies, it ceases to 
JZL* carbon, and no f-h cato 

_ ,4 is added On the contrary, rtco^ 

in nues to decrease at the rate 0 P 
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iti 'i’uFO years. I.ihhy limit highly sensi¬ 
tive apparatus with width lie* mrasuicd 
the radioatbsr i.idi.ttimi, I line is little 
carlam 14 in existent r ami it ha' a low 
degirr tathaliun. Libia then dirw 
A comparison between the ladio.w livitx 
i»f a price of new \inoil limn the l "im et sits 
gardens and rmnp.iml it with that nl an 
nld book nr an aruient speai, hv this 



Thermal diflimon columns in which samples with 
a .small concentration of carbon M aie enriched. 


method he could determine the respective 
ages of the objects within fairly close limits. 
The comparison was only ‘fairly close’ 
and the method applied only as long as the. 
object was not too old; the reversion of 
carbon 14 into nitrogen caused a drop in 
the radioactivity and once this point was 
reached, Libby’s method could not pro¬ 
duce any more information than archae¬ 
ologists obtain otherwise. 


I he idea which mined eathon 14 into 
,ts inestimably valuable aid to science 
i ame limn lb of, dc Abies. (Icumtcis weic 
built in (umiingen, and by using veiy 
* aieliil expri inieiital let liniqws lie succee¬ 
ded iu detetmining ages up to a maximum 
of Ml,<HHI \rais; the limit lining set by the 
dm i easing at U\ itv in proportion to the 
age of the object. There are always a 
immbei of counts, known as the ‘back- 
giuuml' ismiicthim! akin to the backgiound 
lii" mi an unused niagnetie tape) due in 
tills ease tit (osmic lass and lays horn 
ladioai live unpimties in the objects under 
ohseivaliou. When the activity of the 
sample equals tins ‘background’, the 
limit ol uieasumnent has been reached. 

lh a method developed in the F.O.M. 
Labor,ttms I'm Mass Spectiogiaphy, it 
is possible, ItowrvTi, to emu'll the low 
carbon 14-aclivily, 

The (arhtm is oxidized to form the 
gaseous compound CIO, carbon monoxide. 
It is then brought into a thermal diffu¬ 
sion column, Such a column consists 
of a glass tube about 4 metres long with 
a central, electrically heated wire and a 
water-cooled wall. In a thermal diffusion 
column gases of dtflcrcnl molecular weight 
are separated , at (lie (op the concentra¬ 
tion of the light molecules is increased, 
and at the bottom the concentration of 
the heavy molecules. In this way enrich¬ 
ment of the c.uhon 14-cnnccntralion by 
a factor of lb is possible; this takes about 
two months. This method extends the 
limit of 50,000 years to about 70,000 years, 
as, by enrichment of 2", the limit of coun¬ 
ting is extended by n half-lives; 16=2 J 
and the half-life is about 5600 years, so the 
extension is 4 X5600 or about 22,000 years, 
(By ‘life’ is meant the period of time in 
which radioactivity decreases to_nil). 
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The exact value of the enrichment 
factoi of the thermal diffusion column is 
determined by also adding a given .minimi 
of oxygen 18 to a compound of caibou 
monoxide. 

We then have cat lion 12 oxygen Hi with 
mass 28 

carbon 14 oxygen Hi with 
mass 30 

caihon 12 oxygen lit with 
mass 3(1 

The enrichment of oxygen 18 i an be 
determined by analytn al, i e. niass-sprr- 
troinctiical means and from this the enrich¬ 
ment of carbon 14 can be computed. 

The amounts involved hi all this aic 
microscopic. In new timbci, the amount 
of carbon 14 is no more than three pani¬ 
cles per ten billion. A pieccoi'wood 10,000 
years old contains one particle of cailxm 
14 pci 13 billion and a piece 70,000 years 
old (the limit reached by Prof, do Vries) 
has only one particle per 13,000,000, 
000,000,000. In other words, in order 
to obtain one gramme of carbon 14 it 
would be necessary to have 13,000 million 
tons of this material. Normally availa¬ 
bility docs not exceed a few grammes, at 
the most one kilogramme. Skeletons of 
Neanderthal men, for example, contain 
a much lower concentration of the element 
than, say, a piece of charcoal, thus all 
similar skeletons discovered so far would, 
together, fail to provide one-millionth 
of a gramme of it. Nevertheless the 
method has resulted in some remarkable 
discoveiie.s in the geological and archaeolo¬ 
gical fields. With it, it was fairly simple 
to establish that in both Europe and North 
America an lee Age occurred some 18,000 
years ago which put an end to all forms 
of life. It was accompanied by the 


movement of glaciers which completely 
dcstioyed the woods, which were them¬ 
selves slowly deteriorating The trees 
which were pressed into the soil by the 
weight of ice are still there, and with the 
aid of carbon 14 it is a relatively simple 
task to put a date on them, 

Research has shown that better times 
followed in Europe a few thousand years 
later—about 12,000 years ago. The ice 
must have moved on because vegetation 
recommenced. The type of plants which 
giew can be recognised from the pollen 
grains which have remained preserved, 
and once again it was carbon 14 which 
helped to establish the period in which 
(he plants grew 

Thanks to improved methods, it is also 
possible to recognise really archaic remains, 
for example those which show that the 
Neanderthalcrs arrived in Europe about 
80,000 years ago and that they left again— 
or became extinct when the climatic condi¬ 
tions changed appreciably about 20,000 
years later, They were followed by the 
Cro-Magnon race, and the development 
of culture among these human beings 
has been established practically year by 
year with the aid of carbon 14, 

The use and fall in the level of the 
oceans, accompanied by changes in clima¬ 
tic conditions and movements of the Earth’s 
crust have also been accurately pinpointed 
with Ihe aid of the same method. With 
this method of research, practically the 
whole history of the human race and the 
caith on which they lived and live has 
been unravelled 

No sooner did the work on carbon 14 
produce astonishing results than work 
was started rvith other elements like 
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Scientists You Should Know 

JAYANT VISHNU NARLIKAR 


Y OUNG Narlikar, an Indian mathe¬ 
matician, now in Cambridge hit 
the headlines teccutly when he 
presented a paper with Prof. Fred 
Hoyle cm a new theory of gravity to the 
Royal Society in London. 

The new theory evolved by Narlikar 
and I-Ioylc is an improvement on the 
Einstein theory ol’ genetnl iclalivily. 
Einstein’s llieoiy has dominated science 
lor the past live decades, and the new 
modification of Natlikar and Hoyle has 
already altiacted world-wide attention. 

According to Einstein, matter behaves 
as it docs because of the properties of 
space and time. Accoiding to the new 
theory, gravity is something belonging to 
matter. If all the matter was removed 
gravity would also cease to exist. In other 
words, gravity depends on the density 
of matter in the universe. Hoyle’s new 
theory is based on the fact that the mass 
of every object in the universe is affected 
by its interaction with every other object. 
The new theory also explains why gravity 
is always a force of attraction and never 
of repulsion. Hoyle’s theory also explains 
why galaxies in distant parts of the uni¬ 
verse can, theoretically move away from 
the earth faster than the speed of light— 
a limit that Einstein said could not be 
exceeded, 



Young Narlil ar at School 

The most striking consequence of 
Hoyle-Narlikar gravitation is that it 
explains how the mass of every particle 
in the universe helps to create the mass 
of every other particle. A universe with 
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Jayant Vishmi Xarl.bir 


Jayant Vishnu Narlikar was born on 
July 19, 1938 at Kolhapur. Alter taking 
his D.Sc, degree from the Banaras Hindu 
Univcisityw’hciehis father was Professor of 
Mathematics, Narlikar went to Cambridge. 
He passed Mathematical Tripos with dis¬ 
tinction in i960 and obtained the doctorate 
in 19G3 from the Cambridge University. 
Throughout his academic career he was 
the recipient of many prizes and scholar¬ 
ships among which may he mentioned the 
1912 Exhibition Scholarship at Fitzwilliam 
House and W.A, Meek Scholatship. lie 
was elected Fellow of the Royal Astrono¬ 
mical Society in 1963 and was appointed 


a- Re (Midi Assisi,ml in Pmlrssoi Hoyle 
bom l"biuni\ l'lid. He has attended 
‘.pi pi ,d I ntn mil ir m.d (mfei cures of which 
nut lie mentioned the Relativity Gon- 
t' Uiup m Vienna and the World Astro- 
uoniiral CoiilnruM' to (irmiwich. He 
Ims pnbh'-hrd setnal leseauh panels 
and lias addiewed academic bodies and 
p.u ii< ipaied in seimnais, eti. Last May 
l'lid J.isant N.uhkai addressed the 
Bllfldl Snricls fol the Philosophy of 
Ri icru p mi, ' The Anow ol ’lime.’ 

On June 11, IPlil, lie and Piol. Hoyle 
addicwd the Rnt.il Society on the 
wib|Ptt ol ih»*ir new theory ol giavitation, 
half an hour eaili. Al the end of thcii 
talks (line was lively discussion. His 
latest pa pci on, ‘A New look al (Jtavilalion 1 
in AV.t A'. ;aih\l 'June 27, l')0); may he 
lead with iutriiM. Repiinled elsewhere 
in this issue . 

Jayant had nevei In wink veiy haid 
for his examinations. Accoiding to his 
father the only examination in which he 
failed and In* failed twice before being 
successful was the chiving test for a 
motor driver’s license at Cambiidgc, He 
has a taste for photography and music 
(both Eastern and Western). He was an 
outstanding badminton player on the 
Banaras Hindu University Campus during 
1950-32. lie has read many classics 
in Marathi, Hindi and English. lie is 
a lover of the works of A.A. Milne, W.W. 
Jacobs, P.U. Wodehouse and Conan 
Doyle. 

Narlikar has done it and il is quite 
possible that many of our young readers 
ran one day become great scientists. 

S. DOKAISWA.M 1 


What if the ‘Red Tide'? 

Sometimes, vast expanses of the ocean 
aie coloured red producing ‘red tide’ oi 
‘red water’. This phenomenon is very 
common in the fhdf of Mexico at certain 
seasons. It has also been reported on 
olhet coasts lioni Japan to Africa and 
California The red tide is due to the 
presence of huge numbers of the unicellu¬ 
lar dinoflagcllaLc, Gymnodimum biems or 
some other simihu organism like Gonyaulax. 
Sometimes Xocliluta becomes abundant 
These outbreaks of bed tide’ often cause 
the death offish and other living organisms. 
In 1946-17, it was reported that nearly 200 
million lh offish weic dead due to the red 
tide. The organisms multiply repeatedly 
and lapidly foi tiling an algal ‘bloom’. 
Fish swimming into the area aie paitly 
paralyzed and turn over on then hacks 
and die The algae produce a poison 
that ad'ec ts the naves of the fish. The 
Red Sea derived its name, paradoxically, 
from the oecmienee of water blooms of a 
blue-green alga, J'liclwdcsmwm crytlnaeum. 

S.D, 

Whal if homeostasis? 

Homeostasis is the capacity of Hying 
things to maintain constant or nearly 
constant internal conditions, in spite of 
changes in the internal and external 
environments. All our icllex actions arc 
rapid responses to or cxptessions of this 
mechanism. Adaptation to environ¬ 
mental condition is one of the slower 
reactions of homeostatic iialuic. Water 
diffuses into the cell of Paiamecium. The 
contractile vacuoles pump it out again. 
The concentration of water in the cell is 
kept constant. This is an instance of the 
principle of homeostasis. 

Can earthquake he predicted? 

The artual moment of their happening 


Test Your Knowledge 

cannot be predicted. But scientists can 
guess pretty accurately their next point 
of attack, along an active fault. At 
present it is not possible to say just when 
and where and how violently an earth¬ 
quake will occur. But some scientists are 
of the opinion that a way to predict earth¬ 
quakes in future is possible by tuning in 
on the sounds rocks make when they are 
under great stiess. The rocks make some 
sounds before they rupture and this can 
be used as a diagnostic tool. A geophone, 
a sensitive instrument to detect vibrations 
would be buried one or two thousand feet 
deep near an earthquake fault, usually 
in a zone of weakness It would be used 
to detect sounds, and continuous lecord 
made on a tape aL the surface. 

The system has not been tried yet. The 
equipment and installation would cost 
about a third of a million dollars. s.d. 

Why does the Moon seem to follow us when 
we are moving? 

The great distance between the Earth 
and all objects in space, including the 
Moon, makes it necessary for us to traverse 
great distances on the face of the Earth 
in order to change our viewpoint of the 
Moon. We can alter our viewpoint of 
anything upon the Earth by a very minor 
change of our position. Hence, as we 
watch the Moon while we are travelling 
over Lhe surface of the Earth, the Moon 
seems to stand still, while local landmarks 
appear to approach us, pass us and recede 
into the distance behind us. The illusion 
thus created is that the Moon is moving 
in the same direction as we are, 

Whal is ‘pigeon milk’? 

Degeneration of the cells which line the 
crop produces in pigeons (and some species 
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a]'p!jei! atnund the nutating object by 
da’ .im tiinilin ', livimr tissue so that a 
some! brad grun.dk builds up, the 
hr*ir h| v.lm li is due to the concentric 
luvfi, nl the i nstalline pe.ulv substance, 
lb'’ pal a ate which most frequently 
< ausrs prail lotuialioii in the (le.ylon 
peat! uvtn is the rails stage of a tape¬ 
s’,.uiu v. hit h bn uiiirs adult itt a huge ray 
sshit h li.dntu.dh feeds on these oysters, 
tlirirhs iiileetiui' it’.ell with the tapeworm. 
Ailri hediiinini m.itmr, tin* lapcwoim 
ia\s e;;i!- v-liu’li pass into the sea where 
die. mas Imd a leinpoian home shortly 
aim, lmi a etase il the oyster should be 
pnAohed to piutet t itself from the 
itiii.itiint pal.isile by (dating il with 
pratly subsume. It may be that pcails 
ate abo honied mound tiuv granules of 
waste mallet piodui ed by the nystcis 
tliemseKi s. 
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\ WORLD COMMUNICATIONS SYSTEM 

ALLOONS, ‘anchored’ about five 
kilometres above the eai Lh’s surface, 
could form the links in awoild communi¬ 
cations system using laseis (devices pro¬ 
ducing narrow beams of intense light with 
piopeities similar to those of radio wa¬ 
ves). The idea is putforwaid in a paper 
being presented to the international 
conference on laseis and their applications, 
which opened in London yesterday 
(September 29), by Di A K. Karbowiak, 
a scientist with Standard Telecommuni¬ 
cation Laboratories Ltd., of Enfield, 
Middlesex 

Di. Kaibowiak's scheme would over¬ 
come one of the difficulties in laser com¬ 
munications—inteifcrencc with light 
beams by weather conditions. 

Lasei light beams aic highly directional 
and can be aimed very accurately at 
receiveis. As they possess enormous 
capacity as communication channels, they 
are the object of intense research in many 
countries. 

The earth’s atmosphere has many 
variable and unpredictable properties 
which affect light beamed from point to 
point. The atmoshere is opaque to large 
parts of the light spectrum available from 
lasers, and even the ‘windows’ would be 
seriously affected by the shimmer of hot 
air in the summer, for example, and would 
be blacked out completely in bad weather. 

Short distances could be spanned by an 
‘open’ laser system if full reliability was 


not paramount, but for any other job the 
laser light would have to be ‘piped’ down 
evacuated tubes or perhaps along glass- 
fibre cables Foi this leason both methods 
are being investigated. 

Senes aj Balloon f 

Dr. Kaibowiak’s suggested scheme 
would remove the lasers from interference 
completely. He envisages a series of 
balloons tethered at a height of about five 
kilometres and about 200 kilometies apart 
Each balloon would carry a transmitter 
and receiver, poweied either by a powei- 
pack or through a cable from the ground 
According to Di Karbowiak, the com¬ 
munication links with the ground (which 
could not be by lasei beam) could be a 
series of microwave radio links or, if 
luliuc development makes it possible, a 
cable capable of carrying the light signals. 

It would be a simple job to keep micro- 
wave equipment aligned between the 
balloon and the ground because its 
position would be known accurately even 
if it were invisible from the ground station. 
It would also be comparatively easy to 
keep the laser beams on target by installing 
tracker equipment to allow for swinging of 
the balloons in any direction Such 
movements would be very slight at the 
tethering height of five kilometres 

Dr. Karbowiak says that such a system 
would be cheaper than satellite communi¬ 
cations, and tracking problems would be 
far easier. Its reliability would be a 
particular advantage 
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LXUUNU VusMHUUIls 
In li is opening add] r*«> lit l lie i otdn rm c. 
Sir Roheit t’ocklmiii, t hid’ w icniRi ol' 
Ih ham's Ministiy nl Aviation, said that 
the fust piattital hiseis weir only demon* 
stiated in 1%<I, and then piattical appli* 
cations had been somewhat limited in 
ielation to their potential. 

However, there, wnc exciting possi¬ 
bilities, including imptoved slunt-iange 
radar devices and new in hniques nl’ an - 
bornc surveillance and of guidanc e and 
control for weapons and aim aft. 

The laser had already piovided physi- 
cists with a powciful new tool, partieulaily 
in spectroscopy, where it should icveal a 
wealth of ncw r data about the moleeulat 
structure of matter and lead to new 
methods of examining and exploiting 
atomic structures 

I!y Courtesy British InfornuUuut Scrsicrs, 

New Delhi. 

NOBEL PRIZE FOR CHEMISTRY, I'lti-1 

The 1964 Nobel Prize Tor chemistry was 
yesterday (October 29) awarded to 
Profcssoi Dorothy Crowfoot-Hodgkiu of 
Somerville College, Oxford, ‘for her 
determinations by X-ray techniques of the 
structures of impoitant biochemical sub¬ 
stances’ 


Pint, ( inufiHil-lIndgkin Tilj is Wolfson 
Re,rateli Pmlr’.sm nl the Royal Society 
and a I<llnw »>f Nnniei vtlle College, 

1 hr Hnyal Swrdidi Academy nfSeicnces 
■riiri that Pi nl. (4nw hint-Ilodgkin ‘has 
di'iwn rv optional skill, in which chemical 
knowledge, intuition, imagination and 
peisrveiainr had been emispieuous. 

''Ilie tn.guilty til the substances which 
Mis. (.mwlbiit-llodgkin lias studied are 
of i nnsidei able siguihe.tiu e for biochemis- 
tiy and medicine, but two of them aie 
wnilltv nl paititular mention in view of 
both die diltieully of the pmblcm and the 
value of the irsuli. These arc penicillin 
and v itamiu 11-12'. 

Pi of ('uiwfooi-llodgkin is only the third 
woman to win the Nobel Pii/,c. for chemis- 
try in the b'l yrais* liistmy ol the award. 

1 lie ollieis weie M.uie (atrie (1911) and 
lift daughtei It cite. Jolint-Cluric (1935). 

Its C.'miiiis) . in1111)1 liiliiini.miiii Soviets, 

New Delhi 

PS. SC1KN 1'IS IS SUPPORT THEORY 
THAT LIFE CAME FROM SEA 

St lentisls often have theorized that life 
lust appeared on earth m the oceans, but 
they have been able to produce little 
evidence to pmve it. 

The. ihemy is that the incessant tossing 
of the ocean churned non-living inorganic 
panicles during millions and millions of 
yeats to fouu complex organic mattet and 
that linally the first onc-eellcd living 
otganisms evolved. 

Now, four U.S. oeeanographeis report 
evidence that the ocean docs in fact create 
larger and mote complex organic matter 
out of simple organic particles, lending 
support to one chain of the theory. 

They said individual organic particles 
grow into larger clumps by sticking to ah 
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bubbles foimed by the constant motion of 
waves The bubbles are a sort of handle 
to which the pai tides cling. 

Doclois Goidon Riley and P. J. 
Wangersky of Yale Univetsity and E.R. 
Baylor and W.H. Sutchldfc of Woods- 
Hole (Massachusetts) Oceanographic 
Institute reported their work through 
the National Science Foundation, which 
financed their research. 

They demonstiated in the laboratory 
that bubbling sea water attiacts and holds 
organic particles in colonies. Exami¬ 
nation of actual organic matter from the 
sea showed it was clumped together in the 
same way 

The scientists reason further that the 
clumps aie the main food supply for the 
ocean’s tiniest marine life, which, in turn, 
arc the basic food supply for all higher 
marine life. 

There is an estimated five limes as much 
of this organic matter by weight in the 
oceans as theie is animal life. 

Tiny ocean plant life known as phyto¬ 
plankton, previously thought to be the 
sole food supply for the tiniest marine life, 
is not present in sufficient quantity to feed 
them. 

Until now, oceanographers thought 
that the marine food chain was a one-way 
process in which life was deuved from life. 
Organic matter had to decompose into 
inorganic chemicals before it could be 
assimilated by phytoplankton plants and 
converted to living matter. 

Dr. Riley said the long-held belief was 
untenable. Phytoplankton, he pointed 
out, grow only near the surface of the ocean 
and become very scarce in winter when 
less sunlight reaches them. Oceansuiveys 
indicate that the amount of phytoplankton 


present during the winter months could 
not possibly support the abundant marine 
animal life. 

Also, he said, the tiny marine animal 
life grow and multiply in deep dark waters 
beyond the depth where the plants exist. 
Therefore, he said, there must be another 
basic food supply in the ocean. 

WORLD’S LARGEST X-RAY PHOTOGRAPH 
ON DISPLAY AT NEW YORK. WORLD’S 
FAIR 

The world’s largest radiograph—which 
is the proper name for ‘X-Ray’—is on 
display at the New York World’s Fair, 
showing an entire jet engine with all its 
inner parts. 

Until now, the world’s largest radio¬ 
graph showed an American jeep. That 
picture has been on display for several 
years at Eastman House, a photographic 
museum in Rochester, New York. 

The new title holder is 16 feet 8 inches 
(5 metres) long and 5 Feet 9.5 inches 
(1.74 metres) high. It shows the engine 
that is used to power large, long-distance 
passenger aeroplanes such as the Boeing 
707 and Douglas DC-8. 

The engine parts and their relationship, 
clearly visible in the radiograph, cannot 
be seen any other way except by dismant¬ 
ling the engine, which would involve 
destroying some of its components. The 
huge engine is on display at the Fair below 
the radiograph. 

The exhibit illustiates modem methods 
of testing materials and machines without 
taking them apart or destroying them, a 
technique which engineers call ‘non¬ 
destructive testing.’ 

This industrial use of radiography is 
similar to its use in medicine for diagnosis. 
Through radiography, physicians can 




World’* largc.t ladiogi.’pli cf .1 jet engine. The wigiur 11 ill .wu lirltnv in the li wer j>i< lure. 


look deep inside, the human hndy and 
delcrt ahmrnialilies and disease olien 
Ion" before, the. patient, is avvate of any 
(.rouble. In many eases, the only other 
way for a similar examination is surgery. 

The unusual radiogtnph, on display ,u 
the Eastman Kodak pavilion at the. Fair, 
was made with conventional basic X-ray 
techniques. However, very large equip¬ 
ment had to be used, and various technical 
difficulties overcome. 


The exposme was made, with a two- 
million volt X-iay camera in the 
unusually huge X-iay of the 1'osici- 
Wheeler Corporation, manufacturers of 
heavy machinery, at Mount .tin 'lop, 
Pennsylvania. Technicians placed over¬ 
lapping stiips of film 30 feet (15 metres) 
from their camera and then placed the 
engine between camera and film so that 
the engine’s axis was 57 inches (1 45 
metres) from the film, Distance from 
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cameia To engine was -11 feet 6 inches 
(12 5 meiics). 

This distance li ran camci a to engine was 
necessary to covet the engine’s lull length 
with one exposute 

However, test exposmes revealed that 
because of the distance tadialion was 
scatteied along the floor, spoiling the lowei 
pait ol the film To minimize Lins scalLei, 
a plate of lead one inch (2 5 ccntimeLics) 
thick was used to cover the lowei half 
of die outlet of the X-iay tube, which was 
completely coveted by a quailet-inch 
(six milhmctic) lead filter. The engine 
itself caused X-tay scatter, but (his was 
■minimized by a curtain of lead-oxidc- 
coated paper over the film. 

The technicians packed seven layers ol 
film strips, each strip measuring fi feet by 
4 inches (2 4 by 0 35 metres), m light¬ 
tight packages Seventeen such packages 
were mounted vertically, with one-inch 
oveilap, on a sheet of plywood, backed by 
lead shields 

During the one-houi exposute the top 
thtec layers of the seven-layer strips m 
each packet scived as soft-radiation filters 
The four real laycts then recorded 
excellent images of the jet engine Aftei 
being developed the filmstrips were joined 
to produce the large radiograph. 

By comtesy: U,S I.S., New Delhi 

NEW CAMERA TELESCOPE WILL 
PHOTOGRAPH INTERIOR OF EYE 

An instrument which will peimit 
exploratory photography of the ciliary 
body of the eye has been designed by the 
chief medical photographer Mr. Ronald 
Plummer, at the Sir Charles Gairdner 
Hospital in Perth, capital of Western 
Australia. 

The instrument consists, briefly, of a 
camera attached to an endoscopic reflex 


housing manuiactuicd as a stock item by 
Lcitz ol Wct/lcr, West Germany. The 
camera, although a stock model, must fot 
obvious teasons be equipped for automatic 
winding of the film 

Mi. Plummet modified the camera to 
fit the housing, and devised the mira- 
oculai telescope for insertion into the eye¬ 
ball Camera and telescope can be 
hooked up in one second 

The telescope is 4 in long and 4 mm in 
diamctci, and has fot oblique vision. It is 
insetted mto a 4 mm stainless steel sheath 
having at its cxLermty a specially wound 
electric globe. Activated by wet-cell 
batteries, the bulb views at 4J- volts At 
the moment of photographing, it over- 
volls to 9 volts, ptovidtng sufficient light 
inside the eye fen colour or black and 
white film. 

In operation, a satin e is putiu position 
on the outer wall of the eye-ball, a cut is 
made in the sutute opening, the sheath 
enclosing the telescope is nisei Led, and the 
suture is tightened aiound iL to pievenl 
leakage of the intia-ocular fluid 

The msUument is then m position fot 
either photography of the inner surface 
of the eye, ot, if no photography is intended, 
for inspection through the telescope 

Although his intra-ocular telescope was 
extremely well received when presented 
at the Australian Opthalmology Congtess 
held in Perth in September, Mr. Plummei 
does not iegard it as the ultimate design 
for this purpose. 

‘The principal fault at this stage is the 
instrument’s size,’ he said. ‘It is necessaiy 
to make a 5 mm incision m the eyeball to 
intioduce the sheath 

‘One should suggest, at the moment, 
that it will be used only in extreme eases, 
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sense til loss is sli.nnl liv Britain lin.uiM* 
belt nr lie" became an Indian t iti/rn he 
was outstanding among lhiiish m irnlisls. 

.John Bunion Sandeison Ilahl.uir, iht* 
Mm uf Dr. ,J,S. Ilaldant’, F.R.S., himsell 
a distinguished physiologist, was Imin in 
!l! l l2 ami was educated ai hum and New 
('.allege, Oxford. lie was stiriessively 
Reader in Uiochemisiiy at Ckunhiidge 
University, Professor of Physiology at 
the Royal Institution, and Ptofessor of 
Genetic,s, and later uf Biometry, at London 
University. 

In l l k>7 I)r. Haldane tame: to live in 
India and applied for Indian citizenship, 
which he received in due course, lie took 
up the post of Research Ptofessor at the* 
Indian Statistical Institute, Calcutta, 
where he remained until 10(51. After a 
short period under the Council of Se.ientilic. 
and Industrial Research, he went to 
Bhubaneswar to take charge of the new 


1 nianI. and Hioimti y Laboialory set 
•ip 1., 'in < hi a t im\ ninnrnt. 

In l*“‘i < hr mob i went a maim opcu- 
ti’in. am! v,im»( sen typically - some, 
u.dl.iuth inummais vci-e about it called 
‘t oun’s a I imm I luiu;'. After the 
n|iriatMu In irinitietl in 111 ml laucswar and 
iiiniiiioni bis woik ilicie imii] the time 
<i( ios tic,till 

Hi. II.dd.tur srtvrd tlnoughoul the 
ills? WoiId War in Fiance and Iraq. 
Hunm; Woi hi War II lie and his wife, 

I )i, Hcii u Spin was. bciscll a distinguished 
liiolmda, winked on the physiological 
Hlrt is ol high pitssme and decompression 
mi stibium me ntws, experimenting on 
ihniiM’his al no small iisk. Dr, Haldane 
was always a gieat man lot cxpci iincnting 
on biniM'll. In his essay ‘On Being 
Vom Own R.dibit’, published many 
yeais ago, lie dostiibcd some of Ins 
expelientes in tins line. 

He unite many books of gietti interest 
whieli i cached the expet i and man in 
the Micct alike. He was one of those 
men of genius who could come down lo 
the level of the common man and make 
irally abstruse things comprehensible 
and exciting. 

One nl the greatest things about Dr. 
Haldane was the interest he took in bis 
junior colleagues, his inspiration and 
eneonragement of them, and the way he 
invariably gave them credit for the work 
which they had done. Indeed, a sure 
way to annoy him was to attribute to 
him the work of one of his colleagues. 

By Courtesy; lirilMi Infiiinialton Service, 

New Delhi, 



A lew trends 
in science education 


Summer Institute Programme 

A NEW APPROACH IN THE TEACHING OF CHEMISTRY 

N.K. Shnmali 
Vidya Bkavan, Teachers College, Udaipur 


W E arc passing through a stale of 
fci mentation regarding science 
teaching in our schools. Every science 
teacher feels that the present syllabi, 
textbooks, examination system and the 
methods of teaching need drastic change. 
Science teaching should not be mere 
imparting of scientific information and its 
memorisation by the students, znd 
practical work is not mere verification of 
scientific facts. Evaluation should not 
continue to test their power of reproduc¬ 
tion on the basis of rote memory. No 
doubt, the present system certainly 
develops certain skills in the students 
through prescribed practical such as 
identification of acid and basic radicals, 
determination of strength of solutions 
through titrations, detection of certain 
elements in organic compounds, gravi¬ 
metric estimation, etc. 

Chemistry teaching in secondary schools 
should not have only a limited aim in 
developing only, certain skills and impart¬ 


ing knowledge of some scientific facts. 
We have to prepare our students as intelli¬ 
gent citizens of an emerging industrial 
society. The students should be trained 
to appreciate and understand intelligently 
the implications, social and economic, of 
the modern inventions. The science 
teacher of today will therefore have to 
accept the challenge to train his students 
m such a way that he imbibes the scientific 
spirit of keen observation and experi¬ 
mentation. They are to be trained to 
acquire the habit of questioning, develop 
skills of proper manipulation and utili¬ 
zation of available scientific data and learn 
methods of investigation, building hypo¬ 
theses and testing them, etc. 

The Summer Institute programme 
organized during the last two summers is 
an attempt to examine and eventually 
evolve a new approach in science teach¬ 
ing, and it is expected it will have its deep 
impact in the field of science teaching. 
I had the privilege of joining the Summer 
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"I Illih/iriV dll* f HI M-Kl.’id". iv.tirii.d 
Ilium pli.flU m'I up \\ i l nil* f »«• i* li ilia# 
die iiiflulurv. mI dii’ mV. appro,u 1; 
'(’hnniMi) An I A|‘rinii''rii.il Sr in»i >•' 
was hevtmd rlimlit. Kvrii within lls«* 
hniilaliniis imposed In equipment in 
lahm,Ui>1 a' 1 . budget ■„ Imii-lalilr. pus- 
t lilird i oiiim’s .m< 1 lr\ili'nik’ i I * , ’iiiiir nl 
ihr CillliM-Sinilv iii.ui'iial ha- pi.nihal 
applit atinn. I In' Dim ini', irpmi ut 
tin’ Simimn IiiMitmr sre rxli.u i> ai iln* 
end 1 tuiilaius pnulual suggr'iion' as in 
bow and in what exiem r\peiininils in 
ihr Lalimatmv Manual i an lie mehulrd 
in practical tinik hymn student' !( also 
suggests suinc nl lltc expenmetits iliat 
science tracheis can pmliiahh use in 
improve lectme demonxiiations in the 
classrooms. It further includes sugges- 
lions In make practical use nl' ilietllllvM- 
■Sludv leMliuok ehaplcis nt articles 
therein in developing theoretical concepts. 
In addition to that it leeoinmends that 
lilms prepared nuder tin 1 CllhM-Siudy 
material can lie proltlahly used in onr 
•schools if dubbed in Hindi. Also some 
of the new concepts such as molar concen¬ 
tration, uncertainty factor in measure¬ 
ments, energy cllccts in chemical reactions, 
oxidation number,, etc., should also be 
introduced at the school level. 


1 ! *- ( HI M-v,mh nt.tietml consists of 
i • i .,4,. S.rh a.ii-uv manual, teachers 1 
'■»!'* •'■»’! <»n«’ i<l,u<d lilms. The 

■ i;vi •.»* h i amuro i! ii31 m die title under 
•.didn all dti ho saline i. produced viz, 
i !• mu urn \n I Apn imeiital .Science 1 . 
h aljii a iiin-i 1-uni d i niiisr. Student's 
' diMiui..! s ss hi k and Ins lu.st hand 
nil in.iiiuii ,uc tin- bads on which the 
-,h,.)r ts mi i mi o i, Imilt, It provides 
'His.pic «ipp uiiiiiiiu-. to siiideiiis to have 

• he e v ileuieni “I dro m ei v I In mu'll expcii- 
lli'iilaliiiu. 

I he ! ih'ii ,iin! v manual is so written 
ih.it >'.si ii ••vjimmeui lua l,lises ;i problem 
.rod thru las down iii'tiro linn*, providing 
a .mi' i.d hauii'umk lm’espeiiineiittuion, 

I' l illitv. , lu mi.in approach so that the 
’ml* nl .ail n ‘o 0* die |**v and thrill of 

• h i rar. I Iroir i- emphasis on latefnl 

• ilt.i iv.iiinie, and icioidiiig them in a 
a si* ui.it«« wav IT. is will generally follow 
die liMilim’’ tli’iiumsiraliim ielated to the 
inpii. ITienilicic is el.tssiicim discussion 
mi the h.i'is ofulisei vaiiuus and lust hand 
e\pt - i ieiu i*s in make deduction or to 
discern ii”*ul.uitu*s. Also ielated films 
provide experimental i-udenee needed to 
develop a piiiieiplc nr enunciate a theory, 
The lilms provide nppm (unities to students 
to see (iemonstiaiiim of experiments 
under conditions nul usually available in 
sc broil labniatones. As the expeiiments 
ait* performed questions arc raised to 
stimulate thinking, and .steps are .suggested 
to make calculations on the. basis of 
quantitative measurements. The Tea- 
cheis’ Guide Book contains ‘quiz’ questions 
to provide new situations in which the 
evolved concepts and principles will have 
to be applied, The Teachers’ Guide 
contains very helpful material for teachers 


* All the.se three books have now been reprinted by die NCERT and are available at low cost. 
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in the remote parts of the country where 
the facilities of library and equipment may 
not be satisfactory. At lire same time the 
coruse in no way denies the energetic 
and resourceful teacher of hi.s initiative 
and ingenuity. This is in slum the 
CHEM-Sludy matciial with telcienee to 
the new approach. 

The Ghem-Study material and course 
cannot be used as they aie in our country 
due to several leasons such as difference 
in standards achieved at the end of YII1 
grade; equipment in laboiatones, medium 
of instruction, eLc. But (he spirit undci- 
lying the approach can surely be imbibed. 
We can adapt this material whercvci 
necessary to suit oui conditions and 
resouiccs. I-Icrc are one 01 two examples 
to illustrate this poinL, 

Before I attended the Summer Institute 
I have been assigning to class IX students 
some experiments (as stated below) during 
the first week of the opening of the school. 
Each student was supplied with a few 
test-tubes, a burnci and a little of the 
substance to lie examined one after 
another. 

Assignment —Examine the following sub¬ 
stances under the heads shown below and 
note down your observations. 

Common salt, sal-ammoniac, blue 
vitriol, green vitriol, chalk (or marble), 
sulphur and red oxide of mercury 

Common salt: Mix a solution of this drop 
by drop with 5 ml of silver nitrate solution. 
Place the test-tube in sunlight and carefully 
record the changes. 


Substance examined. 


Expet iment 

Observations 

Inference 

1. By seeing (colour 

powci of trans¬ 
mission etc.) 

2. By smelling 

3. By touch 

4. By hammering 

5. By putting in 
watei 

(). By heating 

7 (special experi¬ 
ments as sugges¬ 
ted sec note 
below) 




Note ■ Under experiment 7 eacli sub¬ 
stance was to be given different treatment 
a,s for example 

Sal-ammoniac: (1) Heat strongly about 

2 g of sal-ammoniac in a dry test-tube. 
(2) Mix about equal amounts of sal- 
ammoniac and caustic soda and smell the 
mixture. 

What is the smell like? 

Blue vitriol: (1) After cooling the test- 
tube in experiment 6 with blue vitriol add 

3 or 4 drops of water to the powder. Note 
the change. 

(2) To a solution of blue vitriol add 
a few pieces of iron (first clean them with 
sand-paper). ICeep for 10-15 minutes, 
observe the change m the colour of the 
solution. Examine the surface of the iron 
pieces. How do you account for the 
change m the colour of the solution and 
deposition on the surface of the iron 
pieces ? 
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ilnr, dir UH's'mr !i>t<k hk'" ’ 

( tbiil > t llhithlf' I ii .dluill 2 g nl m.tlltlr 
piece,m tli.dk in .1 ir-i.inlir ,t>i<i dinpln 
dlop nhiml 2 III] nl dilute film Ill'll l>' 
,wid. Reruul the itbsoiv,Himes. 

Sulphur: <li Ileal ii sumigly until ii 
liiiiK. 1 ’iiui' tlir- boiling sulphur in .1 
he.iker lull of w.Moi. llnw dues watri- 
rnolcd sulphur tidier tmm tlir iuiiiin.il 
s 11 1 p 1 111 r powtlei 1 

s2i Take iilinut II .*1 g nl pun dried 
sulphur in u test-tube. Add about 2 ml 
of rat bun disulphide and shake tin* test- 
tube vigmously. What rnoehisinn do you 
draw ftmn ymu* observation*:’ 

Red oxide of menury: 1 leal stitmgly 
about 3 g of red oxide of mrmtry in a 
large to.sl-tube. Bring a glowing splinter 
of wood in the. test-tube from time to time 
while continuously heating the test-tube 
over a burner, 

Cool the tube. Take out the remaining 
powder. Scratch the sides of the test- 
tube, with a splinter. Examine carefully 
the scratched material collected at the 
bottom of the test-tube. 

The students examined two substances 
in a period. Next day the period was 
utilized to discuss their observations and 
draw inferences. Many properties such 
as brittleness, opacity. transparency 


||.ihd.)li!'. *.',,11 in of 1 ivstallization, etc 
v.rir di.ijr ,rd nu the basis of their diiect 

■ lb «'! S .. 

11 m. I IiimikI to un gicat satisfaetion 
tb.i* 1 wax I'olloMmg, in a vague form 
ami in a limited '•pheie. identically 
the new .ijtpm.u ii. After the Summer 
lir«) 11 uii* exjinieiu r 1 have tiied to apply 
the ueu appuMih in the teaching of 
ctpinaleiii u eight to class N. during this 
sr«si«ni. I he method might interest my 
frllou le.uheis. 

Fxft/iinknl. (aiiiibiiiing ratio of mag¬ 
nesium and oxygen. Intorduclion—(20 
minutes! luinn the students* pievious 
knowledge it was elitited that in the 
Jmm.uion ul water Ig of hydiogen 
lombmes with II g of oxygen to produce 
‘i g of water, Siiuil.uly, in hydrogen 
t him idi- lg of hydrogen combine* with 
Ha.fi g of ehloiine to form 313,5 g 
of hydiogen tldmide, Thus dilfcrcnt 
elements combine in different ratios 
by weight witli each othei. The 
students had already studied oxides and 
therefore they knew that magnesium 
combines with oxygen to form magnesium 
oxide. 

I.abm.itoiy pound — 1 hour and 20 
minutes. 

The expet intent was then planned with 
die help of students to find out the 
combining weights of magnesium and 
oxygen. Necessary precautions were 
given. They were cautioned to raise the 
lid of die crucible carefully while heating 
magnesium to allow fresh air to enter 
the crucible. 

Each student was then supplied the 
necessary material to find the combining 
ratios of magnesium and oxygen. They 
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weic asked In make the following nbsei- 
valions and calculations, 

Weight of the riurihlc 

,, ,, ] magnesium — 

,, ,, ( magnesium 

n\ide 

Weight nl magnesium 

,, „ magnesium oxide 

,, ,, oxygen which (onihmed with 


magnesium 


— g of oxygen combined 

with 

g of 

magnesium. 



fig of oxygen combined 

with 

-g of 

magnesium. 




Nolr : 

1. Kiw h student was given magnesium 

pieces about 0.2 0 3g. 

2. They were asked to asstue complete 
burning of magnesium by healing, 
cooling and weighing the ciurihlc 
repeatedly until a ronstant weight 
was obtained. 

3. Students’ results vaiicd from 1) to 
10, Imt with a little more practice 
they could do better. 

Next day I lie teacher’s demonstration 
was arranged. Time 40 minutes. 

A quantity of about 0,15g of magne¬ 
sium pieces were placed in about 3 ml 
of water at the bottom of a conical 
flask. A test-tube placed inclined in 
the flask contained about 3 ml of concen¬ 
trated hydrochloric acid The flask was 
then carefully tilted to mix the acid with 
water. Hydrogen evolved was collected 
in the graduated cylinder. The volume 
of hydrogen evolved was measured adjust¬ 
ing the level of water inside and outside 
the graduated cylinder the same. Also 
room temperature, atmospheric pressure 
and aqueous pressure were noted. The 


weight of magnesium lequiicd to displace 
1 g nf hydingrn from hychochloiie arid 
wiis then raluilaled ihe nexl day. Then 
ilie definition of equivalent weight was 
evoked with the help of students. 
Thus the concept of equivalent weight 
was built tm the basis of observations and 
ealeuiaiions on students’ experimental 
data and (earlier's demonstration findings. 

It is suggested that the following experi¬ 
ment ran also be enlmsted to individual 
.students. I have tried it, It comes out 
satisfactorily. 

Expahnail. Displacement of one metal 
with another. 

Procedure, Dissolve 5 g of copper 
sulphate m 150 ml of water in a 250 ml 
beaket. Take a magnesium nbbon about 
1 5g in weight. Clean it with sand 
paper. Then weigh it accurately in a 
physical balance. Then coil about two 
thirds of it and suspend it with the help 
of a glass l od put aci oss tire beaker taking 
caic that the coiled portion remains 
dipped in the solution. 

Carefully record all observations foi 
iifteen minutes : 

Leave the beaker over-right coveied 
with a watch glass. 

Next day examine the beaker without 
disturbing it. 

What is the colour of the solution? 

What is the deposition at the bottom of 
the beaker’’ 

Take out the magnesium ribbons or 
pieces of magnesium, if any. Wash them 
in the same beaker to remove copper 
particles. Dry them and weigh them 
carefully with the same balance. 
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Decant watei from the beaker. Wash 
topper (Mitides with fresh water twice 
and riff -ml - 

Dry the copper p.utides with tin brake) 
on a sand bath. Weigh the beaker with 
the copper panicles. 

Put a few (hops of emu rniutrd nitru 
add on the copper p;utides to test coppri 
Record your obseivations. 

(llcau (lie beaker, dry it and \sc-iapli it. 

Make calculations as follows: 

Weight oi the magnesium lihhon lelt 
ovn after it had reacted with coppci 
sulphate solution — 

Weight of magnesium dissolved 

Weight of eoppei dusl+heakci — 

Weight of (lie heakei =- 

Weight of eoppei deposited 

(The displtuemenl takes plate m the 
ratio of the equivalent weights of the 
metals), 

liquivalenl weight of topper 
F’quivaUml weight oi magnesium 
Weight of copper deposited 
Weight oi magnesium dissolved 

Note ; Your teacher will tell you the 
equivalent weight of either coppci oi 
magnesium, Calculate the equivalent 
weight of the other metal. 

Thus the newappioach cun hesiuniiuu- 
lscd briefly as preliminary introduction 
by a teacher for motivation or posing a 
problem. The students should then gel 
an opportunity to weak and conduct 
experiment in the, laboratory. Carefully 
planned Laboratory Manual will guide 
him m Ins laboratory vvoik. This will be 
followed by teacher’s demonstration 


wlieiever necessary. Related films can 
alsfi he shown. Tlu* students’ fust hand 
obseivations during laboinlory hours 
elass-iooni demrmsliation and film projec¬ 
tion will Ibim the base to build up 
concepts and understanding, Foi intelli¬ 
gent luborutmy work the mgcnl need is 
to make available caicl’ully prepared 
laboratory manuals by cxpcuenccd 
te.irheis and ptofessors. Some agency 
will have to take up this work to get 
laboratory manuals eoveiing the entite 
seeondaiy and lugliei secondary courses 
prepared 

Until die laboialoiy manuals m suitable 
textbooks I'm the new appioaeh arc 
piepared ehemistry teachers (an ceitauilv 
do something oil their own initialise on the 
lines suggested above, Ttuly speaking 
lahoratmy manuals and textbooks to suit 
the new appioaeh should evolve out of 
experiments nmdiutul by enthusiastic 
tcucheis in their lesjieetive schools, For 
successful application of this new appioaeh 
it is not so much a question of cxpi'iises, (ol 
course it needs a slightly beltci equipped 
laboiaiory and some additional expenses') 
as willingness on the part of a teacher to 
do mote work, prepare better and above 
all have the determination to test this 
approach and eventually to modify it, if 
need be. Once the spirit of the new 
approach is eleaily uucleisiood and imbi¬ 
bed, I am sure, no sincere teacher can 
icsisl trying it on Ins own initiative even 
with the limited tesouircs in one’s school. 

Challenge to evolve better and mine 
effective methods is there. Shall we or 
shall we not accept it'* 
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EXTRACTS FROM APPENDIX TV OF THE REPORT OF THE DIRECTOR, SUMMER 
INSTITUTE IN CHEMISTRY, JAIPUR 

It was felt that most of the experiments in the 'Laboratory Manual’ could be 
coveted by the students of Higher Secondary classes in the following manner: 


CLASS IX 

CLASS X 

CLASS XI 

Exp. 1 ; 

Exp. 7 : 

Exp. 10' 

Scientific observation 

The behaviour of solid 

An investigation of the 

and description. 

copper immersed in a 

reaction volume of two 


water solution of the 

solutions. 

Exp. 2: 

compound AgNO a . 


Behaviom of solids on 


Exp. 14: 

warming. 

Exp. 9: 

Investigation of the reac¬ 

A study of reaction rates. 

Exp. 3 : 

tion of a metal with 

Exp, 6: 

The melting temperatme 

IIC1. 

De Lei ruination of solubility 

of pure substances. 


product constant of silver 


Exp. 11 : 

acetate. 

Exp. 4 and 4 a: 

Reactions between ions in 


Combustion of a candle 

organic solution. 

Exp. 18: 

and further investiga¬ 


Determination of H-ion 

tions of a burning candle,, 

Exp. 13: 

concentration of solutions 


The heat of reaction, 

using indicators. 

Exp. 12: 

Exp. 17: 

Exp. 19: 

A study of reaction. 

The heat of some acid-base 

Applying Le Chatelier’s 


reaction, 

principle to some reversi¬ 

Appendix 2 : 


ble reactions. 

Working with glass. 

Exp. 20: 



An introduction to oxi¬ 

Exp. 23: 


dation reduction. 

Quantitative titration. 


Exp. 22: 

Exp. 33 to 36: 


Reactions between ions in 
solution, 

Exp. 38; 

Some investigations into 
the corrosion of iron. 

Qualitative analysis. 

It is suggested that the 

following demonstrations can 

easily be utilized by teachers 

at suitable places in day-to-day teaching; 


1. Crystal structure 

Experiment No, 27, 
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2. Atomic strut tmr 
clcrtm-valciiry, covalent y 
cnmdinutr valency 

3. Molecular weight 

*1, Electrolysis ofwatei, 
copper .sulphate, etc. 
ft, Diffusion 
(i. Catalysis 
7. Heat of reaction 
It. Ionisation 


9. Study of traction rates 


Using t l,i\ halls non tint's etc. 


Victot Meyet’s E\petiinent 
Exp. 21. 


appat atus 
P.ut III 

21 (How of tons in the salt budge 


Diffusion 
Exp. 12 
Exp. 13 
>n Exp. 

can also be demonstiatcd) 
tit) Conductivity deinotisliation expeiiment 
(page 1.77 Teacher's (Juiclc). 

Exp. M. 

,\'nle : All the above experiments 27. 21, 12, 13 iffei to the Eabmaiory Manual, 


Teaching of Theoretical Concept'; 

Practical work by the students in the laboratoty. demonstration by the teacher 
in the clasMoom, film shows and group chseusshm if properly coordinated will help 
build sound fundamental concepts in ehemisliy. It uas lelt that the Cl I EM-Study, 
material films if dubbed in Hindi ran be proiitably used in our schools. Tt 'was 
strongly felt that some of the new concepts such M molar concentration, uncertainly 
factor in measmernents, oxidation number, etc. should sinely hi' inttoc^tced at the 
school level. Also whenever a resauteeful teacher feds confident, he. can eneomage. 
students to take up projects with a-spirit of research.' 

On close examination of the* textbook Clieihishy --An Experimental Science, it was 
realized that some of its material contents would be Itcyond the grasp of our students.- 
Students are not at present brought' ter that level of understanding in ClaJis VIII and 
subsequent classes so as to fully grasp alL.the material. It was concluded that the 
approach followed itithc following chapters and articles can be accepted in our present 
set-up also. 


Chapter 

1. Chemistry—An Experimental Science 

2. Atomic theory 

3. Chemical reaction 

4. Kinetic theory 


Name of the Chapter 

Articles 1 & 2 dealing with uncertainty 
in science. 

Mole concept & problems relating with it. 
Underlying broad principles, 

Only article 1 • 3 dealing with Avogadro’s 
Hypothesis. 

Art. 2*1 dealing with gas pressure 

Art 2'2 concerning partial pressure and 

Art 2’4 pertaining to absolute temperature. 
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Chop l a 

r h Liquids .imlMilHls . miflriwd 
pliasrs 

9, Kqliilibitum m dv'inii.il 

ic;u turns 

11. Aeneous acids and liases 


13. Chemical calculations 

14, Why we believe in atoms 


Same of the Chapter 

L',i,in .ittides 11 m 2-0 dealing broadly 
unit dilfeient phases, teirn solubility etc. 

Only article 1*2 dealing with dynamic 
nature of equilibria. 

At lit lrs 2, :i*:5, 3*4 dealing largely with 

‘ ,,Hipett.es of acids and bases, their 
explanation, bu.ad principles about 
conjugate acid and conjugate base and 
hydrogen ion in the pioton transfer 
theory of acids. 

Manufacturing of sulphuric acid on new 
lines. 

Only article 1 dealing with laws of chemical 
combinations. 


The following is tilt- suggested list of those J^ cl1 j, y feU and it is 

h , . Suggestive material 

Same uf the Uuipta 

3 


Chapter 

T 2 

0. Stmt line of atom and the 
Periodic Table 
7. Energy dlcols in chemical 


Ai tides 2,3 & 4 dealing with Periodic Table, 
* halogens, alkali metals and inert gases. 

Whole chapter 


reactions 

8 . The rate (T chemical reactions 

9. Equilibrium in chemical reaction 

10. Solubility equilibria 

11. Aqueous acids and bases 

12. Oxidation-reduction reactions 

15, Electrons and the Periodic Table 

16. Molecules in the gas phase 


Only article 8 1 concerning factors influen¬ 
cing reaction rales. 

Only ai tide 1.7 dealing with application of 
equilibrium principles Haber’s process. 

Article 2 dealing with aqueous solutions, 
dectrolylcs. 

Article I dealing with strong and weak 
electrolytes, idea of Kw. 

Whole Chapter with reference to Oxidation 
numbers. 

Article 1.5—1.6 particularly dealing with 
the hydrogen atom and quantum numbers 
with reference to orbital concept. 

Articles 1 & 2 dealing with Banding Capa¬ 
city of 1 and II raw elements, 
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IB. The cluMiJisliy ul e.uhnn I'.ntiie chapter \Mtli icfnenee to newmethods 

Compound'! of dctrnniumg empirical and molecular 

foimul.i. 

l f ). The halogens Whole of the rhaptei except article 1.2 

dealing with ionic radii. 

‘Quiz.' type of tests should lie frequently used as a tool to assess students’ under¬ 
standing of the subject. It will lie hrlplul to the teacher also to evaluate his own 
teaching; and adjust teaching art m ding to the requirements of the students, 

It is also suggested that on the litsi day of classes IX, X and XI the students 
should he exposed to some excitement or tin ill. Experiments like combustion of a 
candle, black box, bluebottle, can he taken up in classes IX, X and XI respectively. 


SUMMER INSTmri'KS IN SCIENCE ANI) MATHEMATICS 
JUM- (1 


SOMIs INTI.Rt'.STlNIi l-At.T.s 

Over G25 higher secondary school and 
pre-universily class science teaeheis were 
in the institutes studying the new pro¬ 
grammes and new approaches to the. 
teaching of their subject. 

Of these 151 were, in Biology, 150 in 
Chemistry and 1G2 in Physics and Ki t in 
Mathematics. 

60 university professms and lecturers 
were involved in the leaching of these new 
programmes on a full lime basis and 
another 50 on a casual basis. 

A similar number of college teachers of 
science and mathematics had a summer 
experience in institutes for college teachers. 
Altogether, more than 1500 teachers, 
lecturers, readers and professors have spent 
their entire summer vacation in improving 
their knowledge of, and ability to teach 
their field. 

The persons of institutes in universities 
and colleges throughout India had an 
impact on the other teachers located in 
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the unities. Some HI) institutes arc 
tentatively pinpnsed for the next summer, 
assuming that there will he '10 participants 
in each of these institutes and about 50 
students will he taught by each of them, 
then 100,0111) students will have improved 
instruction in sciences as a result of the 
institutes planned for l‘J65. 

Perhaps the outstanding discovery of 
both the participants and faculty members 
is the extent to which they can live and 
weak in an informal co-operative way— 
towards the common ends that they have 
as professional people. The university 
professors have discovered new colleagues 
in the secondary school teachers with 
whom they worked and the secondary 
school teaeheis have found that they have 
an important role to lill in the educative 
process. They have acquired a new 
dignity in keeping with the new stature 
assumed in the co-operative relations in the 
study of science and mathematics in a 
summer institute. There is an awakening 
as to the needs and possibilities in the 
teaching of the sciences. 





Slews and notes 


SCIENCE PAUL'S f sli.MUlit 

STATISTIC!AI* analysis of tin* data 
of Science Talent .Search, 1 %■! 
lcvealed some interesting points. The 
selccLion ratio of tlie awardees lias been 
maximum in the small territory of Delhi, 
in the Slate of Maharashtra and the 
territories of Goa and Pondichcry while 
that fm the ceiliftcales of merit lias been 
maximum m the States of Madias and 
temlories of Delhi and Manipin. It has 
been found that 7’> pet cent of the items 
of thought type and 48 per cent of factual 
type, were found to be good as judged on 
the basis of the discriminative and difii- 
culLy values. Items on comparatively 
new areas to the secondary students, viz , 
astronomy, zoology, engineering, meteoro¬ 
logy, history and philosophy of science, 
eLc., were found to he more disci iminating 
on the top and the bottom groups rather 
than the traditional areas of basic sciences. 
It indicates that the high achieveis do get 
an opportunity of coming in direct contact 
with other branches of sciences which are 
not prescribed in the school curriculum. 
The frequency distribution of semes on 
the Science Aptitude Test, the Essay 
Paper, Project Report and the Interview 
indicates that the curves are mostly 
positively skewed. 

Out of the total number of candidates 
who took the test, 17 per cent were called 
for interview on the basis of their results 
on theory tests. 29.38 per cent of the 
students from Delhi territory have entered 
into the merit list. One of the reasons 


why the Delhi students haw fated better 
at the. Science Talent Search Examination 
may he. that these students have bctlei 
library and laboratory facilities together 
with better methods of teaching, eg. 
through films, television lessons, cte. A 
student who has topped in the whole 
country comes horn a higher secondary 
school in Delhi tcniloiy and has scored 
24a out of 300, l e. 82 per cent. 

The mlcr-con clarions between the 
various sub-tests is low, which indicates 
that there is no overlapping of mental 
abilities and academic achievements as 
measured by the four difTcient tools. 

The chief feature of an analysis of items 
is that a maximum number of items are 
attributed to those brandies of sciences 
with which the contestants aie familiar 
through curricula coverage. The numbei 
of thought type items is 95 while that of 
factual type only 65. This is a healthy 
tendency indicating the test tried to 
measure the powers of critical thinking 
and reasoning 

The overall statistical analysis of the 
1964 data indicates that further research 
can be done on the Science Talent Search 
Scheme and some useful projects are being 
drawn up at the Department of Science 
Education. 

GENERAL SCIENCE TEXTBOOK PANEL 

The first meeting of the General Science 
Panel was held on September 25 and 26, 
1964 in the Department of Science Edu- 
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i alum, Drllu. i iir mam Cask of the panel 
was (lie 1 piepaiatiou oftcuhunks fur highei 
Hcrtimlu*> « 1 , 1 'sch. iahmattiiy guidebook 
Ifjr student*. anti guidebook Ini truelieis. 
Besides (lirM H ihi’ patml set itseli the task 
nf spli’ilimi ami pirp.uatum ul films 
limits. models ami nllin aids; and the 
pii-paialion ul a slimt-teim pimp amine Im 
tunning leadin'. 

U was ahu drt idl'd dial the timieulmn 
sliuuld include some lalmraimy work and 
demolish atinu. 

'Hie si't'imcl mining nf the panel was 
held at the Saha Institute of Nurleat 
Physics, (lahnita from November 11-11, 
Hlh-l. The enneepts and sub-concepts fur 
the units piepaied by the membeis wcie 
discussed and modilird, l’Aperirnents to 
be pn funned by the students individually 
or in gumps along with the appaiatus to 
lx! impiovised wen; suggested. Sonic 
membeis also suggested pioject.s to be 
undertaken with the units. 

It was decided to compile the concepts 
and sub-concepts relating to the following 
units. 

1, Metcoiology, 

2, Earth and its mysteries. 

3, Natural wealth, 

4, Human Body, Food and Wealth, 

5, Matter and Energy. 


b \ solid Main sals, 

7. Tianspnrt and Communication 

ft. I he t'lmnsf. 

'I, laving Things 

HI. The Plants, 

11. The Annuals, 

12. The Human Race. 

mni.cKiV thxiBooK i'Anki. 

The liist Section of the book ‘Biology 
A Textbook fit Iligliei S<nmdaty Schools’ 
was publislnd tally m ScpUmber, 196*1, 
This spi lum introduces the subject of Bio¬ 
logy to the students, desnibes the variety 
of plant and annual life and generally 
ptipaus (lie pupil for a nunc detailed 
study in lain set lions. 

.Section 2 of the book is in the Pi css 
and will be leleuscd m Jamiais, 1965, 
'This Motion in its fourletn chapters 
acquaints the readers with the diversity 
of plant life a little mote closely. The 
plants which are more familiar were 
taken li st. These, are the seed plants 
(higher plants including anjio,sperms and 
gymuosperms) which include ticcs found 
m the fields and fbicMs and which pro¬ 
vide mankind with the three basic neces¬ 
sities-‘food, shelter and clothing. 

'Flic, panel is making every effort to 
bring out the ollici sections of the book 
in quick succession, 
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BIOLOGY { A Textbook for Higher 
Secondary Schools, Section 1. 
Some Basic Facts About. Life, I\ 
Munsnwuu and Manouar Lai, 
(od.) National Council of Educational 
Research and Training, New Delhi, 
pp vii-| 100; Rs. 2.25. HKH. 

I IK National Council ol liclncational 
Research and Training has drawn 
up a progtamme of piodurlion of 
textbooks in vatious school subjects. 
Of pat Ocular interest to science tcacheis, 
is the wmk of the three panels in physics, 
chemist! y and biology and that in mathe¬ 
matics. The Panel for biology is headed 
by Pi of. P. Mahe,shwari, Head of the: 
Department of Botany, Delhi University, 
The Panel has developed a einrieulum for 
high school biology taking into account 
modern concepts of biology, The text¬ 
book prepared by them is based on this 
euiiiculum. 

The, Section 1 of the book that has now 
been published introduces the student 
to the variety of plant and animal life 
and prepares him for a mm e detailed study 
m the subsequent two sections. The 
fourth section simply outlines the main 
physiological processes in animals and 
plants. The fifth section is devoted to 
a comparative account of the modes of 
reproduction in plants and animals. 
Heredity evolution and ecology constitute 
the sixth section of the book. The last 
section covers topics like human diseases, 
interdependence of plants and animals, 


<md the mlc of hiologv in human wel- 
faie. 

A wide acquaintance with a numbei 
of different kinds of organisms, their 
activities, habits, tissues and oigans, is 
essential to the undeislanding of the 
general concepts of evolution, ecology, 
lieiedity and cell physiology, This 
approach combines both the pedagogical 
advantage of proceeding from the known 
to the unknown, and also saves students 
ftom getting lost in the maze of sophisti¬ 
cated aspects of biology. 

Section 1, the present release, introduces 
the students to the subject matter of science, 
particularly biology, and the character¬ 
istics of living matter. The first two 
chapters deal with general aspects of 
scientific method, scientific attitude and a 
historical account of how biological science 
developed. The third chapter tells the 
student how to distinguish the living from 
the non-living. The next three chapters 
describe the cell and its division, and the 
differentiation of cells into tissues. The 
last three chapters give a brief account of 
how plants and animals are classified into 
major plant and animal groups. 

The book is written in a simple style 
and is profusely illustrated. This book 
has been prescribed by the Central Board 
of Secondary Education as a textbook 
for all schools alfihated to it in Delhi as 
well as other states from the current 
year 1964-65. The other schools, which 
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rithci irai h . 1 , .tit (let ti\r it inn i* 

<<t as pail <il genii il unit (‘.will Imd thh 
book veiy mi In! (jinn up-io-dale am! 
aiulimtii. Alii i all tin* as mm. an piim- 
fci as papribaik, the whole \ohmu will 
hr linmali! "Hi a. 'ill*' hook. 

i. in at u- > \mi 


Teaching High School Science. A 
Sourcc-hook for the Biological 
Sciences. M<mn<>ia I.., Biumiwi in. 
P.F, anti Josii'ir. A. Ilaiioiut, 
Hiatt* X Wmltl, Inc.. Xcv, Ymk, 

pp, i\ 'ilHi, l'l'i!!, 

T HIS volume is unt‘ ul a stmts nl ilnee 
honks which deal with techniques, 
procedures, demonstrations, piojeits, ex¬ 
periments and suggestions I’m* a teacher in 
use in classrooms. They have all hem 
tested in classtonm .situations. They have 
been used to teach students ul' dtllcienl 
levels nl' ability. The wide range of 
methods, activities and projects given 
enable* a leathei to suit what lie prtTeis 
aremding to Ids students. 

While Set lion one is a general inliotlue- 
tion of the usual laboratory let hnique.s 
and pioeedures, Section two deals with 
techniques in the classroom. Different 
chaplets deal with different biological 
processes eat h desriibing a number of 
cxpcumetits and activities. Set turn tluee 
gives special teelmiqoes in the study of 
anatomy of plants and animals, lnaiuleu- 
anec of i ultnres, care of animals in class¬ 
room, giowmg of plants and other science 
facilities like laboi atones, green-house, 
school nature coiner, museum, etc. 
Section four gives useful information 
undet ‘Teachets’ references’. 


1 he hook will lie \eiy uselul to any 
leather nl Innings. parlimhuly, when lie 
i, nailing In. taieei as the sole biology 
It arhei in a-t liool 

s. linn usw i\ii 


The Amateur Scientist (Piqjccls 
lioin the Si tnihfu' Amnium) S ioxo. 

(I.I.. Heineinanii. I.outhm 1921. 

pp. .15! 1. 

T HIS bunk umlain, about 'ill st lentihe 
piojet Is which ran lie pcifoimecl in 
the Science Clubs of the schools. These 
projects ait* taken (torn archaeology, 
biology, uatmal sntmees, earth sciences, 
nuelear physics, mathematical machines, 
aeiudynamies, optics, heal and eleetionies. 

Most of these projet ts require simple, 
i heap aiul easily obtainable, material and 
apparatus. Some of them arc, how to 
cultivate hainiless bacteria; an analytic 
technique-chi mnatography; elect rozone- 
phoresis. how to know rocks; how to track 
earth satellites, making of yovu own atom 
smasher, setsmologieal observatory, mathe¬ 
matical computer, X-ray machine, etc. 
Though some of the projects like, transis- 
uni/.ed chive for telescopes fronuistronomy; 
clcctronit: seismograph, seismometer, etc. 
from earth seietiecs; spectiomctei, etc. 
from nuclcai physics; and puzzle enele 
Irom mallictnalieal machines, etc. require 
a little higher knowledge to understand the 
scientific principles, these will initiate 
the, young students to take, up difficult, 
piojects with interest and coinage and wifi 
make them acquire sufficient confidence. 
This will be a useful book for the Science 
Clubs. 

K S. BHANDARI 
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How To Make A Home Nature 
Museum Brown Vinson. Little 
Brown & On., Boston. 11)51. pp. 
214. 

T HIS book shows how to plan anti orga¬ 
nize a museum on a small scale and 
how the little corner of a room either at 
home or at school can he converted into 
an interesting and exciting place by equip¬ 
ping it with the beautiful displays of the 
out-of-door world. Ilow to collect speci¬ 
mens such as rocks and minerals, soils, 
chemicals, plants, fossils, insects and 
similar creatures, reptiles and amphibians, 
mammals, birds; and how these collections 
can be stored, classified, mounted and 
labelled, arc some of the important features 
of this book. It also gives instructions on 
how to make, easts oi models of things that 
already exist, viz., animals and plants etc., 
fiom plaster of paris, rubber and wax 
moulds. One of its chapters also suggests 
the ways and means to use drawings, 
charts, diagrams, and paintings for the 
small nature museum. A list of some 
books, many of which may be useful for 
science clubs of the schools, is given at 
the end. This book will lie useful in 
helping the organisation of the Science 
Club activities. 

K.S. BHANDARI 


Experiments in Applied Chemistry. 

(Third edition) Stella Goostray & 
J. Rae Schwenck. The Macmillan 
Go. New York. Pp. 133, 1961. 

T HIS is a laboratory manual meant 
to accompany ‘A Text Book of 
Chemistry’ by the authors for students 
of nursing and home economics but it 


can be adapted with any other standard 
textbook in chemistry. 

Besides the usual experiments 
covered in a chemistry practical course 
like, laboiatory techniques, physical and 
chemical changes, study of gases, kinetic 
molecular .studies, energy and control 
of chemical changes, oxidation-reduction 
icactions, ionisation, acids, bases and 
salts, solutions and colloidal dispeisions 
and qualitative tests of ions, there is 
a positive bias towards biochemistry. 
Starting with detection of elements in 
organic compounds and the study of 
reactions of typical organic compounds 
the student is led to food chemistry, 
elementary analysis of food constituents, 
urine, blood and bone. An elementary 
study of enzymatic action in digestion 
is also made. 

The whole material is so arranged 
that it is possible to work the activities 
in a 30-hour, 40-hour or 60-hour course. 
Each chapter, consisting of a series of 
experiments, is organised under objectives, 
things needed, procedure and questions 
for discussion. The questions will help 
a lot of self study by the students. 

Though this volume may not fit with 
the curricular pattern of the present day 
secondary school chemistry of our country, 
the experiments in chapters 15 to 19 
introducing the student to biochemistry 
may provide motivation for co-curricular 
work and science club activity. 

For the teacher, Appendix I dealing 
with preparation of stock solutions and 
special reagents and Appendix III dealing 
with removal stains will be informative, 

N. X. SANYAL 
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Modern Chemistry, lJut. C, K, 
Mintni 11,C ami Win.nvw. 
H*»ll, Riiwhuit .uni Winstmt, Inc. 
New Vmk. Pjt. (i'll. I%2 

I N this revised rfli(i*m nl (hr older 
textbook in tVtiiMtv of (hr s.iuir 
name hy (hr vum* nuilmis ibr (hr 
secondare .schools of ITS,A., (hr authms 
have hi might the subject mailer up-to- 
date and kept the modem uppmailt to 
(he (caching of chemistry m view. 

There has hern greater emphasis on 
fundamental physical loneepls ih;u 
explain the chemical piotcsses and 
phenomena. The basic ideas of atomic 
stiucture, I'ciiotlic Table, ihcmital 
bonding and chemical equilibria arc 
dealt with a modem view point, The 
concepts of sub-levels in atomic 
structure, clectio-negativiiy in chemical 
bonding, the. phenomena of periodicity of 
atomic radia and nmi/.ation potential, 
oxidation-reduction based on electron 
transfer and acid behaviour in terms of 
lvydtogen ion me dealt with olomly 
Traditional descriptive chemistry has 
been minimised though sullioiciU material 
is included to cover the most essential 
substances and to develop the relationship 
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of stiucture of substances with their 
piopeitit-s. 

The idea of atomic mass unit and a 
revised tahlc of atomic weights based 
on (i 12 lias been given, The 13 tables 
m the appendix supply necessary physical 
data and log tables. 

The text matter contains some starred 
sections meant only for the better students 
or fin those who have to go I’m college 
preparation. The major portion, which 
is unstirred, eaten, to the average students 
and presents a complete eouisc of 
ehemiMiy. 

Besides numerous line and wash 
thawings the text is suitably illustrated 
with many diagrammatic flow charts, 
nverHU.ulu.il photographs and four 
pages of i oloured plates. 

The organization of the textbook is 
helpful for the. student as well as die 
teacher. Besides giving a minimaly of 
the contents and vocabulary, there arc 
ample graded questions, numeiical 
problems and suggestions for further 
activity. At the end is supplied a glossary 
wluili is partindaily helpful for the 
students. 

N. K, SANYAL 
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